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Come home to npower 
and you could save 
up to £150 a year 


Intelligent Control - October 2016 is the UK’s only energy 
tariff which comes with a Nest Learning Thermostat™ 
and standard installation (worth £249) — at no extra cost. 


Better still, we’ll freeze your energy prices until October 2016. 
The Nest Thermostat programs itself by learning your routine, 
and you can control your heating from anywhere using 

your smartphone, tablet or laptop. A correctly programmed 
thermostat could save you up to £150 a year. Now, that’s 
worth coming home to. 


® npower.com/personal 
@ 0330 100 8624 


Included in ‘inclusive minutes’ from mobile 


@ 0800 107 1124 


Free from most landlines 


Upgrade now 
or find out more 


Simple and clear. The way energy should be. 
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Available to homeowners with a compatible and fully working central heating system and boiler and WIFI, paying for dual fuel by Direct Debit with a standard credit meter, 
and online account management with paperless billing. 


Up to £150 saving: Installing and correctly using a room thermostat and thermostatic radiator valves could save £70-£150 a year. Energy Saving Trust, 2014. 

Worth £249: £179 is npower’s retail price for a Nest Thermostat and £70 is the standard installation charge. 

Prices fixed until 31/10/16 subject to governmental or regulatory requirements. An early exit fee of £50 per fuel may apply before 12/09/16. Calls may be recorded and monitored. 
Subject to availability and may be withdrawn, amended at any time. Full terms and conditions at npower.com/personal 

Nest Learning Thermostat™ and the Nest logo are trademarks or servicemarks of Nest Labs, Inc. Correct as at 14/10/14. 


WELCOME 


JULES VERNE'S NOVEL A Journey To The Centre Of 
The Earth was published 150 years ago this month. EQ) C U 5 ) | G ITAL 

Youre perhaps more familiar with the film adaptations, Available for Android e 10S e Kindle Fire 
depicting underground caverns, dinosaurs and, er, ig indies oad 


giant mushrooms. In reality we've never come close 
to visiting the Earth’s core. But now scientists have c 
ambitious plans to drill through the Earth's crust and TH IS M O NT H W 
beyond. Jheni Osman investigates on p41. 

One of the oldest science fiction dreams is, of 
course, contact with alien civilisations. | never thought 
it would happen in my lifetime. But now? An odd signal might - just might - be 
the first evidence of ET making contact. Hazel Muir turns detective on p51. 

Moving from old ideas to brand new ones: today we know more about the 
brain than ever. This has led some to believe we could design a ‘thinking cap’ 


..drove the new 
1.0-litre Ford Fiesta 
Red/Black - the most 
powerful production car 
ever made with that size 
of engine. Visit our 
YouTube channel to 
watch it in action. 


; pie ; ae nd .. gathered stinky 
to enhance our brain power. But is it just wishful thinking? Christian Jarrett foods such as Vieux 
finds out on p99. We also take a look at the new science behind seasonal Boulogne cheese and 

: : : surstrémming in 
affective disorder on p57, turn up our noses at the world’s worst smells preparation for a Focus 
(p48) and check out a gadget that turns cars into driverless vehicles (9105). video on the smelliest 


things in the world. Turn to 


And as it's that time of year, we've compiled a list of must-buy gadgets (p110) p48 to read the article, 


and books (p129) to satisfy the science lovers in your family. Enjoy! 


PS Don’t miss our January 


Graham Southorn, Editor issue, on sale 11 December 2014 


..Spoke to Andreas 
Wagner, author of 
Arrival Of The Fittest, on 
his new theory of 
evolution and what's 
wrong with Charles 
Darwin. Listen to 
Andreas on the podcast. 
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is an accomplished writer, a senior editor BBC Sky At Night and 4 Britain's best known 

writer and broadcaster. at the Wellcome Trust New Scientist. She is psychology writers. His 
This month she looks at how deep into and co author of The Big Questions In also the author of Eureka! and Science most recent book is Great Myths Of The 
the Earth we have drilled. Her latest Science. In this issue he tackles a hot In Seconds. She asks whether aliens Brain. On p99 he asks whether a cap 
book is The World's Great Wonders. issue Australian bushfires. are trying to make contact on p51. could boost your brain power. 
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OF THE EARTH 
What will we find in the 
bowels of the planet? 
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out the nature of light 
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19 SPACE MOLECULES 
Isopropyl cyanide has been 
spotted 27,000 light years 
away - and it's organic! 


24 INVISIBILITY CLOAK 
Surgeons could use it for 
operations. We'd use it to 
unleash our inner Harry Potter 


26 ABOUT FLIPPING TIME 
A polar reversal could take 
place sooner than expected 


30 EBOLA VIRUS 
It's all over the news - get 
the facts and figures 


Uf 


We want to know what you think - the more we know about you, the better placed we are to bring you the best magazine 
possible. So join our online reader panel, ‘Insiders’. Log on to www.immediateinsiders.com/register to fill out a short 
survey and we'll be in touch from time to time to ask for your opinions on the magazine. We look forward to hearing from you. 
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THIS EERILY BEAUTIFUL photo 
shows a giant school of mobula 
rays just off the coast of Baja, 
Mexico. Although nobody knows 
exactly why the rays were 
swimming in quite such a large 
formation, previous studies have 
suggested that the fish do tend to 
migrate south en masse. The rays 
typically live in coastal waters and 
have been observed diving to 
depths of almost 2,000m, where 
temperatures are a chilly 4°C. 
“One of the unique things that 
these rays have is a heating unit in 
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Awe-inspiring images from the world of science 


MegaPixel 


Catching some rays 


the brain, which allows them to 
retain metabolic heat and keep 
the brain, muscles and essential 
organs warmer than the 
surrounding seawater,” explains 
Dr Yannis Papastamatiou, a 
Research Fellow in animal ecology 
at the University of St Andrews. 
“Keeping the brain at a higher 
temperature in this way allows 
them to engage in more complex 
behaviours such as foraging when 
they're diving deep.” 


PHOTO: EDUARDO LOPEZ NEGRETE 
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Down to Earth 


FALLING FROM 3,000M above 
the Earth's surface, this is a 
quarter scale prototype of 
SpacePlane, Airbus’s potential 
vehicle for space tourism. 
“Comparing a spaceplane with 
a normal passenger plane is like 
comparing a dragster with a 
touring car,” says Richard Brown, 
director of the University of 
Strathclyde’s Centre for Future 
Air Space Transport Technology. 
“The airliner is optimised to carry 
a large number of passengers in 
relative comfort for several hours 
at moderate altitudes; the 
spaceplane is built for excitement, 
accelerating a small number of 
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people very quickly, following an 
almost vertical trajectory to the 
edge of space and back again.” 
The drop tests seen in this still 
from an Airbus video were carried 
out off the coast of Singapore, and 
were designed to help engineers 
determine how the full sized 
version may fare on its return trip 
to Earth. Next year, the company 
plans to repeat the trials from 10 
times the height. It’s hoped that 
SpacePlane will eventually take 
four passengers to an altitude of 
100km, where they will briefly 
experience weightlessness. 
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Fairy tale a 
topiary = 


THIS FOREST OF twisted pines [=* 
in northwest Poland would 2 
make the ideal setting for a = 
fantasy movie. Adding to its aos 
mysterious nature is that — 
nobody is sure how the trees < 
got their strange shape - | 
though most argue that the : 
trees in the so called ‘Crooked o- e 
Forest’ were doctoredinsome |= = 
way to help in the building of = 
ships or furniture. 

“There are all sorts of 
= cultures across the worldthat [i = 
; manipulate trees, and this is 
clearly one,” says Simon 
Richmond at the Arboricultural ; 
Association. “It looks like the fotos 
tops of the trees have been & 
taken off when they were very 
young to allow the side shoot 
to develop in this way.” 

It’s known that the trees 
were planted around 1930, and 
that whatever caused their 
curve happened just under a 
decade later. But the nearest 
town was destroyed during 
World War Il, and the forest lay 
forgotten until the 1970s. 
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TRANSFORM YOUR TV 
WITH A CANTON 
SOUNDBASE 


Flatscreen sounding...flat? 
Meet the Award-winning solution. 


Canton soundbases are a smart, sleek way 

to improve the sound of your TV, plus they allow 
you to wirelessly enjoy music from smartphones 
and tablets, too! They can be positioned directly 


under a TV’s pedestal stand, or discreetly on a shelf. 
An array of front firing drive units create a convincing, 
room filling surround sound without the need 

to install rear soeakers. Downward-firing drivers 

provide bass weight without overwhelming the i/ _————— 
sound. The sound of your TV, movies, music and fal] mm D M 75 

more will be transformed; enjoy clearer dialogue, 


more immersive movie moments and superb WHAT HI-FI?) 
music reproduction. All brought to you with the AWARDS 2014 


precision engineering and audio excellence you'd 


expect from Canton, German’s Nol loudspeaker 


company - specialists in sound reproduction 


for more than 40 years. 


Both the Canton DM50 

(ideal for smaller TVs and rooms) 
and the Canton DM75 

(perfect for larger TVs and spaces) 
offer this superb array of features: 


* 21 Surround Sound with ‘music’ and ‘home cinema’ modes 
* Great bass without needing a separate subwoofer 
*« Play music from any wireless device via aptX Bluetooth 


¢ Learn your TV’s remote control - use just one remote 
* Easy to install using a single optical cable from the TV 


« Available in black, white and silver 


= 


What Hi-Fi? September 2014 Trusted Reviews Home Cinema Choice FT: How to Spend It 
“No other soundbase - at any “To get such a dynamic and potent “Performance is “Better than any 
price - has come close to the sound from a box measuring just excellent” [soundbase] I’ve tried” 
powertul, full-bodied and lavishly 69mm high is nothing short of a 
detailed sound that emanates miracle. Once again Canton has 
from the Canton” shown the rest how it’s done” 


® 
Available now from @amazoncouk john Lewis  richersounps CANTON 
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REPLY 


Your opinions on science, technology and BBC Focus Magazine 


MESSAGE OF THE MONTH 


Electric racers 


Given the scope of your article on Formula 
E (September, p58), the Formula Student 
programme also deserves some coverage. 
Teams of students design and build small 
formula cars, which then compete against 
each other in several events worldwide. 
The competition has been active in the 
UK since 1998 and is run by the Institute 
of Mechanical Engineers (IMechE). It has 


lately taken place on the Silverstone circuit. 


Since 2008, a new class was proposed 
based on sustainability and alternative 
propulsion. This motivated teams to 
experiment with environmentally friendly 
technologies, with numerous electric cars 
since competing in this class. 

The standards are quite high, and the 
teams are generally eager to put the latest 
innovations into practice. In fact, the 
Guinness World Record for the fastest 


+ 
Write in and win! 


acceleration of an electric car (2.134 
seconds for 0 100 km/h) is held by the 
DUT Racing Team, which is associated 
with the Delft University of Technology. 
Furthermore, several Formula Student 
events have a class dedicated exclusively 
to electric cars. Since Formula Student has 
been active in this area for several years, 
I feel that their efforts deserve recognition. 
Ioana Georgescu 


I hope your ‘Message of the Month’ award 
redresses the balance it’s great to hear 
about the ingenuity of today’s engineering 
students. Formula E already looks like it will 
bring electric cars to mainstream attention, 
which can only be a good thing. And the 
crash on the final bend during the first 
Formula E race showed that the drivers were 
serious about winning it too. - Ed 


The writer of next issue’s Message of the Month wins a 
& Bluefingers Bluetooth Beanie hat, worth £39.99. The beanie 


will keep you warm in winter and plays music - 


it has built-in 


speakers and connects wirelessly to your phone up to 10m 


away. www.bluefingerslabs.com 


OSEND T0... 


reply@sciencefocus.com 


@) BBC Focus Magazine, Tower House, 
Fairfax Street, Bristol, BS1 3BN 


[IE] www.facebook.com/sciencefocus 


Letters may be edited for publication 


How to predict the future 

Reading Life In 2054 (October, p41), I was 
struck by the impossibility of any ‘expert 
future gazer’ accurately predicting how 
we'll live in years to come. Sure, from the 
direction of our science and technology 
we can say where our knowledge and 
invention is likely to be in the future. But 
random social and cultural factors mean 
we can never know how that technology 


will be utilised and whether people will 
embrace it. Mobile phones have become 
a ubiquitous part of modern life because 
people have shaped that technology 

to meet their social needs. Conversely, 

e readers should theoretically make print 
publications obsolete, yet my shelves are 
crammed with books and I eagerly await 
Focus landing on my doorstep every 
month. Any expert future gazer must be 
as proficient in predicting cultural, social, 
religious, economic and political changes 
as they are at predicting technological 
and scientific advances. And if they are 
that good, can they tell me where to 
invest my savings so I don’t end up living 
in a shipping container in 2054? 

Andrew Gill, Christchurch, Dorset 


What a coincidence! 


I enjoyed the article by Timandra 
Harkness on probability and chance in 
the October issue (p56). The strange 
thing was, I was only talking to a friend 
about how I was getting interested in 
the idea of coincidences the day before 
my Focus magazine dropped through 
the letterbox. It did leave me wondering 
whether the potential of improbable 
coincidences to occur has increased as the 
world population has grown, along with 
new communication technology and the 
ability to travel further and more often. 
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Anyway, I finished the article wanting 
more, so guess what? Yes, I purchased 
David Hand’s book 
The Improbability 
Principle. Probably 
just like some other 
readers, that’s a 
more predictable 


coincidence! 
Kevin Ward IMPROBABILITY 

PRINCIP LE 
Robot gardeners 
I found the article ae 
about the future of 
gardening technology by 

Stephen Baxter 


(October 2014, p35) very 
illuminating. I know several 
keen gardeners who enjoy 
it, partly for the labour and 
partly for the results of their 
hard work. Will technology 
like the apple picking robot 
at Washington State 
University really take off? 
Is it worth investing in 
technology that might make 
our lives easier but that we don’t 
really need? Or could the money be 
used for purposes that more people 
would welcome? 
Ursy Reynolds (age 12), Gloucestershire 


I can see a place in our sheds for robot 
weeding machines, just as we have robot 
vacuum cleaners in the home. Agricultural 
robots currently in development will make 
farming more efficient, helping to feed 
more people. - Ed 


Milk in tea: first or last? 


Robert Matthews’ column (November, 
p27) was as interesting and thoughtful 
as usual. He mentions the old dilemma 
of pouring milk before or after the tea. 
There is a simple solution: drink coffee. 
Richard Vallis 


How wings work 


Tread with 
amusement Robert 
Matthews’ article 
about the subjects 
that cause the ‘red 
mist’ to descend 
(November, p27). His 
closing paragraphs about investigating 
the explanation of flight gave me an 
idea. There is a group of people who 
know an awful lot about the movement 
of air over wings; in fact, a mastery of 
the subject can make them household 
names and millionaires. These people 
are not interested in making things fly, 
at least not in the traditional sense. Has 
the Institute of Physics thought about 
talking to a Formula 1 aerodynamicist, 


like Adrian Newey? I bet he has some 
interesting thoughts to lend to the debate. 
Will Hatton 


Second skin 


10 Discoveries That Will Shape The 
Future (October, p26) discusses a 
cling film that’s used for wounds. We 
have been using high purity forms of 
cyanoacrylate as skin 
“ adhesives for decades. It 
f * can be applied to wounds, 
sets quickly and 
sloughs off up toa 
week after application. 
Maybe this cling film isn’t 
quite so revolutionary after 
all, as cyanoacrylates were 
used by US troops in the Vietnam War. 
Alex Armstrong, Plymouth 


We think the cling film produced by Tokai 
University in Japan would be useful for 
covering large areas, such as burns. - Ed 


Do we need nanotubes? 


What is so important about using 
nanotubes to generate hydrogen for 
vehicles (September, p28)? The ‘Water 
Engine’ patented in 1982 by Francois 

P Cornish generates hydrogen by 
immersing an aluminium wire in water 
and subjecting it to an electrical charge. 
C Henry Depew, Tallahassee, USA 


Rutgers University used carbon nanotubes 
as a catalyst in the reaction that splits 
water molecules into hydrogen and oxygen. 
They were almost as efficient as platinum 
and far cheaper to produce. - Ed 


Oops! 

¢ In the October issue (p65) we said 
the Northrop T 28 plane can fly at 
an altitude of 86km. It can actually 
only reach 15km. Northrop’s ST 38 
would have flown at 86km but was 
never built. The NAA X 15, a rocket 
plane, did fly over 100km. 
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BRAUN 


“Cool Tec 


irritation on ice. 


New Braun CoolTec™: the world’s 1st shaver with active cooling technology. An integrated electro 


ceramic cooling element automatically cools and calms the skin, significantly reducing shaving irritation. 
That’s why CoolTec™ is the first shaver to be dermatologically accredited by the Skin Health Alliance. 


For more information visit: braun.com 


“The best electric shaver I’ve ever USed "Greg, London* 


Braun. Designed to make a difference. 


Save now on Amazon.co.uk" Available at 


eer amazoncouk 


‘Participant in 2013 UK consumer survey given samples of CoolTec, referring to protection from irritation. 
“Pricing is always at the sole discretion of the retailer. Free Super Saver Delivery and Unlimited One-Day Delivery with Amazon Prime are available. “Terms and Conditions apply. See Amazon.co.uk for details. 
Amazon, Amazon.co.uk and the Amazon.co.uk logo are registered trademarks of Amazon.co.uk, Inc. or its affiliates. 


All your MUSIC 
IN all your rooms, 
wirelessly 


High definition sound, simple setup, 
and wireless play with the touch of a button. 


harman/kardon 
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harmankardon.com/wireless Wireless HD Audio System 
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SEE-THROUGH 
SURGEONS 

How an invisibility 
cloak could prove 
useful in carrying out 
delicate operations 


FIELD 

SURVEY 

New research 
suggests Earth's 
magnetic field 
could soon reverse 


Study of gas clouds where stars are 
forming could be the key to solving 
the mystery of where life began 


HE LARGEST AND most complex 
organic molecule ever seen in interstellar 
space has been detected by the Atacama 
Large Millimeter/submillimeter Array. 
The molecule, isopropyl cyanide, was spotted 
27,000 light years (10 trillion kilometres) from 


IASON GOODYER 


ROBOTS: 
ALL AT SEA 


Why robotics 
i a are the new 
frontier in 
oceanography 


The ALMA telescope 
in Chile has found 
organic material in an 
interstellar gas cloud 
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Isopropyl cyanide molecules 
have been detected in the Milky 
Way (orange band). Sgr B2 is the 
star-forming region; Sgr A* is 
thought to be a black hole 


Earth, inside a star forming giant gas 
cloud named Sagittarius B2. 

As stars are born in the cloud, they heat 
up microscopic grains of dust. Chemical 
reactions on the surface of this dust can 
result in the formation of complex molecules. 
Various types of molecule have previously 
been detected in space. But hydrogen rich 
organic molecules such as those most 
closely related to the ones necessary for life 
on Earth appear to be most plentiful in the 
gas clouds from which new stars are being 
formed. The discovery of isopropyl cyanide in 
interstellar space suggests that the building 
blocks of life may be widespread throughout 
our Galaxy. 

Since the search for molecules in 
interstellar space began in the 1960s, 
around 180 kinds have been discovered. 
Each molecule emits light at particular 
wavelengths, giving it a unique pattern of 
electromagnetic radiation that acts as its 
‘signature’. These signatures can then be 
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300 light years 
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detected using a radio telescope, allowing 
researchers to determine the composition of 
interstellar space. 

“Understanding the production of organic 
material at the early stages of star formation 
is critical to piecing together the gradual 
progression from simple molecules to 
potentially life bearing chemistry,” says lead 
author Arnaud Belloche. 

The discovery could mean that more 
complex organic molecules, such as amino 
acids, may also be present in interstellar gas 
clouds. Amino acids are the key ingredients of 
proteins, which played an important role in 
the evolution of life on Earth. 

“Amino acids identified in meteorites have 
a composition that suggests they originate 
in the interstellar medium,” adds Belloche. 
“Although no interstellar amino acids have 
yet been found, chemistry may be responsible 
for the production of a wide range of complex 
molecules that eventually find their way to 
planetary surfaces.” 


TIMELINE 

A history of organic compounds in space 
1937 1953 1969 2005 
Methylidyne, agas made | Stanley Miller and Harold Urey | The Murchison meteorite NASA's Spitzer Space 
up of a single carbon carry out an experiment in lands near Murchison, Telescope finds 
atom and a single which amino acids are created | Victoria, in Australia, When polycyclic aromatic 
hydrogen atom, becomes | by mixing water, ammonia, analysed, the space rock is hydrocarbons, 
the first organic molecule | methane and hydrogen and found to harbour at least molecules critical to all 


to be observed in 
interstellar space. 


subjecting them to strikes from 
simulated lightning. 


1b different amino acids. 


known forms of life, in 
the spiral galaxy M81. 


It's been good for: 


SCIENTISTS AT 
Harvard University 
have improved 
the hearing of 
partially deaf 
mice by boosting 
NT3 levels in the 
inner ear (pictured). This protein is 
used in brain-ear communication. The 
findings could lead to therapies to 
restore hearing loss in humans. 


PSYCHOLOGISTS AT THE University of 
Toronto have found that people who 
play videogames seem to learn new 
‘sensorimotor skills’, such as riding a 
bicycle or typing, more quickly than 
non-gamers. They set a group of 18 
gamers and 18 non-gamers the task of 
tracking an icon on a computer screen 
with a mouse. Gamers improved more 
quickly than non-gamers. 


It’s been bad for: 


THE INDIGENOUS 
people of 
Panama's Guna 
| Yala islands are 
— being forced 
8 out of their land 
—- ' thanks to rising 
sea levels and extreme weather 
caused by climate change. “The 
situation in Guna Yala is the first case 
we are aware of in Latin America of 
large-scale climate displacement,” 
said Scott Leckie, of international NGO 
Displacement Solutions. 


A TEAM FROM the Weizmann Institute 
of Science in Israel has discovered 
that gut microbes have circadian 
rhythms that are controlled by the 
biological clock of their host. 
Disruption of the host's body clock 
due to jet lag or shift work can alter 
the rhythms and composition of the 
microbes, potentially leading to 
metabolic problems and obesity. 
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Vacuuming will never be the same again. 


iRobot Roomba’ Vacuum Cleaning Robots 


iRobot has been building robots that make a difference in people's lives for 23 years, 


selling more than 10 million robots worldwide, with Roomba leading the way. 


Roomba vacuums dirt, dust and pet hair from all types of floors for you, cleaning around, 
behind and under your furniture, 


Available at 
John Lewis LAKELAND Currys(® 
fRobertDyos — SELFRIDCES2©? ~~ thaneds 


© 2014 iRobot Corporation. All rights 


irobot 
www. irobot.com 


reserved. iRobot and Roomba are registered trademarks of iRobot Corporation. 
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Discoveries 


CLICK HERE 


New websites, blogs and podcasts 


NOD. 


KELLY OAKES is a 
science journalist 
who tweets from 
@kahoakes 


NANODOC 


nanodoc.org 

In NanoDoc, your mission 
is to make nanoparticles 
to kill tumour cells. You’ll 
need to balance dosage 
and specificity, among 
other things, just like a 
real bioengineer would 
when designing cancer 


treatments. You have to register, and the game can be tricky, 
but your efforts could lead to real world breakthroughs. 


HOW SCIENTISTS FEEL 
bit.ly/TtsK5Yd 

You’ve heard scientists 
talking about climate 
change, but have you heard 
them say how they feel 
about it? One scientist 
describes the mix of “awe, 
hope, despair, frustration 
and anger” he feels; others 


talk of their own guilt about the issue. This collection of letters 
shows the people, and the feelings, behind the research. 


WE NEED US 
weneedus.org 

This is a living artwork 
that turns metadata from 
several Zooniverse projects 
(including the original 
Galaxy Zoo) into moving 
shapes. It’s a collaboration 
between artist Julie 
Freeman, The Space and 


the Open Data Institute. There’s sound, too, so make sure you 
have your speakers turned up or your headphones on. 


FLOATING FORESTS 


floatingforests.org 

Think you could spot 

a forest in an aerial 
photograph? How about 
if that photo was taken 
from space? The scientists 
behind Floating Forests 
are asking people to help 
them discover forests of 
giant kelp floating in the 
ocean. Giant kelp can 
grow up to a foot per day 
and form huge canopies, 
providing food for fish, 
shrimp and sea urchins. 


BIOLOGY 


Key step in evolution of 
life called into question 


MITOCHONDRIA, THE 

so called powerhouses of cells, 
are an essential part of life. But 
they may have started out as 
an energy sapping parasite, 
researchers at the University 
of Virginia have found. 

These powerhouses are 
found within virtually all 
‘eukaryotic’ cells that is, 
animal and plant cells that 
contain a nucleus. They power 
the cells by providing them 
with adenosine triphosphate 
(ATP), acomplex molecule 
considered by biologists to be 
the energy currency of life. 

“We believe this study has 
the potential to change the 
way we think about the event 
that led to mitochondria,” said 
lead author Martin Wu. “We 
are saying that the current 
theories, all claiming that 
the relationship between 
the bacteria and the host 
cell at the very beginning of 
the symbiosis was mutually 
beneficial, are likely wrong. 


Instead, we believe that 
the initial relationship was 
antagonistic that the bacteria 
were parasitic, and only 
became beneficial to the host 
cell later on.” 

Mitochondria first evolved 
roughly two billion years 
ago, and their emergence is 
considered a key event in the 
evolutionary history of life. 
Without mitochondria to 
provide energy to the rest of a 
cell, the rich biodiversity that 
we see in nature could not 
have evolved, Wu says. 

The team made the 
discovery by sequencing 
the DNA of the close 
relatives of mitochondria 
and reconstructing the 
genes to form a picture of its 
ancestor. They concluded 
that mitochondria evolved 
from a parasite that originally 
stole energy in the form of 
ATP from its host. This is the 
exact opposite of how current 
mitochondria functions. 


Mitochondria inside our cells enable them to function, but may have arrived there as parasites 
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“Of course, if you enjoy mopping, 
scrubbing and vacuuming, 
IRobot® might not be your thing...” 


equuooy 
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It’s true. Some people actually like tedious, heavy housework. 
Love it, even. We don’t. We do, however, love the 
fresh look and feel of beautifully clean floors. 


If you feel the same (and our millions of happy customers 
suggest most people do) you might just appreciate 
our high performance floor cleaning robots: 


e iRobot® Roomba® Vacuum Cleaning Robot vacuums 
everything from the hardest tiles to the thickest carpets.’ 


e iRobot® Scooba® Floor Scrubbing Robot is based on 
professional grade cleaners to scrub hard floors.* 


e iRobot® Braava™ Floor Mopping Robot is the quick, 
efficient way to dry or damp mop your hard floors.° 


Whether you live in a compact carpeted apartment or a sprawling 


Whichever robot you choose, as soon as you set it to work house with twenty different floor coverings, you'll find a robot to suit 
you'll see how it delivers on our commitment to create only you perfectly. As soon as you own one, you'll find it easy to keep your 
practical robots that make a genuine difference to people’s lives. floors beautifully clean. We've created this overview to help make it 
It won’t walk or talk or make your breakfast, but when you realise just as easy to choose your ideal model. Of course, there’s nothing 
just how well it cleans, we think it will make you smile. to stop you taking them all home, they get along together very well. 


= ireobot 


JohnLewis ALAKELAND Currys@ en eee 
i i Robert Dyas SELFRIDGES2.0° thineds © 2014 iRobot Corporation. All rights reserved. iRobot and Roomba are registered trademarks of iRobot Corporation 


Invisibility cloak 


EVER WANTED TO disappear? A 


could hav 
applications in 


An ‘invisibility’ device 


Efficient fusion 
concept 


IT’S AN ENVIRONMENTALIST’S 
dream: a fuel with no greenhouse 
emissions or harmful waste. Now, 
engineers at the University of 
Washington have 


Fusion reactors force atoms together 
to create energy as opposed to splitting 
them like current fission reactors. The 
new design is cheaper to build than 
other current designs as it requires no 
large, expensive superconductors. 


| 3 


system directs light around a ‘doughnut 
shaped’ area that appears to be invisible 
when viewed through a lens. 


team at the University of Rochester 
has created an ‘invisibility cloak’ using 
a simple system of lenses and mirrors. 


“ cAR’ | 
= a oe A.4 7 
This fusion experiment is one-tenth the size of the 
University of Washington's concept reactor 


PHOTO: J ADAM FENSTER/UNIVERSITY OF ROCHESTER, NICO ZEVALLOS/CHAOHUI GONG, DIGIZYME/WYSS INSTITUTE, JOHN BADDING LAB/PENN STATE, UNIVERSITY OF WASHINGTON, LI/WELLMAN CENTER FOR PHOTOMEDICINEUF/IFAS 


an peanuts be 
made safe for those 
with allergies? 


Allergy-free nuts 


PEANUTS: FOR SOME they’re a tasty 
snack to be enjoyed with a pint of beer, but 
for others one nibble can mean swollen 
lips, nausea or, in severe cases, death. 
Now, a team at the University of Florida 
has succeeded in removing 80 per cent of 
the harmful allergens from whole nuts, 


The allergen proteins 
were modified using concentrated bursts 
of light from xenon lamps, making them 
undetectable to human antibodies. 


Diamond 
weaver 


RESEARCHERS HAVE DEVELOPED 
ultra thin threads that could be the 
strongest material yet. A team at 

Penn State University compressed 
benzene under high pressure to create 
a pyramid structured, diamond cored 
thread. It could be used wherever a 
strong, light substance is needed and 


they say. 


The new material 
was created by 
compressing 
benzene molecules 


Day-glo 
dressings 


A NEW SMART bandage developed at 
Harvard Medical School can measure 
the oxygenation of the tissue it covers. 
Oxygenation is a key indicator of the 
health of body tissue, and the bandage 
uses phosphorescent molecules 

that glow more brightly as oxygen 


concentration is reduced. Eventually, 


The new bandage would need to be removed less often 
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Electricity- 
generating material 


RESEARCHERS AT COLUMBIA 
University in New York have created 
a piezoelectric material just one 
atom thick. Piezoelectrics generate a 
charge when subjected to pressure. 
Using a material called molybdenum 
disulphide, the team created a very 
thin material that generates charge 


when stretched. It could be used in 


A new piezoelectric material is just one atom thick 


Solar cell/battery 
combo 


OHIO STATE UNIVERSITY scientists 


have combined a solar cell and energy 
storage into a single hybrid device 


A solar panel allows light and air 


a ay" : ~, 
Future Mars landers » ; We 
could mimic the motion o> _ 
of sidewinder snakes ’ 


Snake robot 


ROBOTICISTS AT CARNEGIE Mellon 
have figured out how the sidewinder 
rattlesnake is able to slither so deftly up 
steep sand dunes. It moves by creating 


vertical motion, the snake is able to alter 
the amount of its body that’s in contact 
with the sand, providing extra grip where 
needed. 


waves down its body both horizontally 
and vertically. By manipulating the 


to enter the cell. Inside, photons from the 
light and oxygen enable electrons to move 
between the panel and the electrode. 


Tractor 
beam 


IN THE LATEST sci fi trope turned 
reality, physicists at the Australian 
National University have created a 
working laser tractor beam. The device 
works by heating up specific areas of 
the target particle. These in turn heat up 


So far, the tractor 
beam can only move 
the tiniest particles 


air particles around them, which shoot 
away, causing the particles to recoil. The 


It has so 
far moved 0.2mm diameter particles a 
distance of 20cm. 


Nanoparts for 
future computers 


PHYSICISTS HAVE CREATED 
intricate 3D nanoparticles using 
DNA as a mould. They planted tiny 
gold ‘seeds’ inside a mould and then 
stimulated them to grow. The gold 
took on the shape of the mould in 
the same manner as the cube shaped 
watermelons grown in 

boxes by Japanese 
farmers. 


In future, computer 
components may be 
moulded using DNA 
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In-flight immersion 


LONG-HAUL FLIGHTS are a lottery. Sometimes all you want to do is relax, 
watch a film and get some shut-eye, but there you are, sitting next to the 
most talkative person on the planet. 

Thankfully, Airbus feels your pain. The aircraft manufacturer has 
invented a high-tech headrest with a helmet that pulls down over your 
face, isolating you from your surroundings. The headrest incorporates 
glasses and earphones for watching films and listening to music, while 


Patent number: U$8814266 


the visor itself willbe made from an optoelectronic material that can 
change from transparent to opaque at the flick of a switch. 

If that's not enough, an air source in the backrest will keep you 
comfortably ventilated, a suite of connectors will let: you plug in your 
gadgets, and the helmet will even pipe in pleasant smells perfect if you 
want to erase the memory of that in-flight meal. 


Smarter yoga mat 


Do you know your Downward Dog 
from your Peacock Feather? A 
new smart’ yoga mat could help 
you become a supple-limbed sage 
inno time. Just like an ordinary. 
yoga mat, the SmartMat is thin, 
flexible and lightweight, but it’s 
also embedded with tiny pressure 
sensors that link via Bluetooth to 
your phone or tablet. You calibrate 
the mat by keying in your vital 
statistics and performing some 
basic poses. It will then suggest 
real-time adjustments to your 
balance and alignment as you're 
guided through a lesson. 

Patent pending 
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Thermostat bracelet 


Fed up with watches and loom 
bands? Then how about adorning 
your wrist with your own 
personal air conditioner? Wristify, 
the brainchild of four MIT 
students, is ‘a bracelet that sends 
hot or cold thermal pulses to your 
wrist. The device is based on 
Studies showing that a local 
change in skin temperature can 
leave your whole body feeling 
warmer or cooler. And because 
the bracelet has integrated skin 
and air thermometers, you won't 
even need to tell it when you're 
feeling chilly. 

Patent pending 


Polar flip coming soon? 


fy 3 | A 


A TEAM FROM the University 
of California, Berkeley has 
discovered that the Earth’s 
magnetic field may flip sooner 
than previously expected. But 
don’t worry, it’s not time to 
buy a new compass just yet. 
The team measured 
magnetic field alignments 
from ancient lake sediments 
near Rome, Italy and found 
that the last reversal happened 
786,000 years ago over a 
period of less than 100 years. 
“It’s amazing how rapidly 
we see that reversal,” said 
UC Berkeley’s Courtney 
Sprain. “This is one of the best 
records we have so far of what 
happens during a reversal and 
how quickly these reversals 
can happen.” 


UC Berkeley scientists point out a sediment layer from a previous magnetic reversal 


AT 78 


Combined with evidence 
that the intensity of the Earth’s 
magnetic field is currently 
decreasing 10 times faster 
than normal, this may mean 
that a flip could be happening 
within a few thousand years, 
researchers say. 

A magnetic reversal is a 
major planet wide event 
driven by movement in the 
Earth’s iron core. The Earth’s 
magnetic field is dipolar like a 
common bar magnet and has 
flipped many times over the 
course of history. There are 
no documented catastrophes 
associated with past reversals. 
However, a reversal could 
potentially cause problems 
with the electrical grid and 
satellite networks. 


Earth's magnetic field 
during a reversal with 
outward (yellow) and 
inward (blue) components 


HE ISLES OF Scilly had 

never seen anything like it. 

The slipway in the tiny 

village of Porthloo was 
jammed with highly unusual 
craft. Bemused dog walkers 
and bird watchers were 
witnessing the launch of the 
largest trial of marine robots in 
British waters. 

Most people think of robots 
as clumsy humanoids, or as 
drones buzzing through the 
skies over a war zone. But the 
US Navy and the oil and gas 
industries have invested heavily 
in a range of devices that can 
serve as eyes and ears in the 
deep and now oceanographic 
researchers are catching up. 

The largest machine released 
off Scilly is the C Enduro. With 
a distinctive wind turbine, it 
looks like a Florida airboat. Its 
British maker, ASV, has fitted it 
with cameras and an automatic 
winch system that can lower 
sensors into the water. Another 
British design, the AutoNaut, 
has a more slender shape like a 
hi tech canoe and it harnesses 
energy from the motion of the 
waves. The company behind it, 
MOST, claims a potential 
endurance of up to a year. 

Both firms received 
government funding via the 
National Oceanography Centre. 
While the United States 
dominates the market for 
underwater vehicles, British 
know how could seize the lead 


THEY DID WHAT?! 


Fruit flies used to sniff 


out drugs and explosives 
eee ee eee 


What did they do? 

Ithas long been known that 
fruit flies are highly sensitive 
to the odour of wine, because it 
resembles their favourite food 


Robots are set to 
rule the waves 


Robotic boats could 
soon be monitoring 
our oceans 


in machines operating at the 
surface. Former science 
minister David Willetts 
identified robotics as one of 
“eight great technologies” and 
unmanned boats are now being 
trialled as a result. 

In theory, a fleet of relatively 
cheap machines could patrol 
vast areas, gathering data on 
everything from the currents to 
the weather to the state of the 


fermenting fruit. Researchers 
at the University of Sussex 
wanted to see if the creatures 
could detect other substances 

in particular, the kinds of 
contraband that customs 
officers look for. 


What did they find? 

By monitoring 20 neurones in 
the flies’ brains, the researchers 
were able to determine that 


DAVID SHUKMAN 


The science that matters 


fishing grounds. This could 
potentially transform our 
understanding of the workings 
ofthe oceans like a marine 
equivalent of CCTV. 

But there are drawbacks. The 
robot craft can be delicate: a 
ferocious storm tore through 
the trial area soon after the 
vehicles were launched, and 
three of the seven craft 
launched off Scilly only lasted a 


\ 4 
ea, 
Sm a, 
. Se 


week. Also, the lifeblood of 

an ocean science career has 
traditionally involved going 

to sea onexpeditions the 
prospect of sitting at a desk 
monitoring output from distant 
machines might seem rather 
drab in comparison. 


DAVID SHUKMAN is the BBC’s 
Science Editor. @davidshukmanbbc 


the insects could recognise 21 
out of 35 drugs and explosives, 
compared to 29 out of 36 wines. 


How might that be useful? 
Itis hoped that the findings 
will eventually lead to the 
development of e noses’ 

machines that can detect 
odour that are more sensitive 
and faster than the technology 
that is currently used. 
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DEFY CONVENTION 


WATCH THE 
MAZDA6 GO 


DOWNLOAD THE BLIPPAR APP AND 


BLIPP THIS ADVERT 


BENEF/T IN VERY KIND 


SKYACTIV Technology delivers outstanding efficiency without sacrificing performance. In fact, with 
low emissions from only 104g/km%, combined fuel economy of 72.4mpg% and low P11D values, you can 
drive away in an award-winning, all-new Mazda3, Mazda6 or Mazda CX-5 for as little as £45 a month BIK* 
Now if that’s not Benefit-In-Kind, we don't know what is. 


ee NAH. O. UK 


The official fuel consumption figures in mpg (I/100km) for the Mazda range: Urban 25.4 (11.1) - 60.1 (4.7). 
Extra Urban 45.6 (6.2) - 83.1 (3.4). Combined 35.3 (8.0) - 72.4 (3.9). COz emissions (g/km) 188 - 104. 


The mpg figures quoted are sourced from official EU-regulated test results obtained through laboratory testing. These are provided for comparability purposes only and may not reflect 
your actual driving results. Models shown: All-new Mazda3 150ps Sport Nav Diesel. OTR £22,545.00. Model shown features optional Pearlescent paint (£540). Mazda6 Saloon 150ps 
Sport Nav Diesel. OTR £25,895. Model shown features optional Soul Red Metallic paint (E660). Mazda CX-5 150ps 2WD Sport Nav Diesel. OTR £26,695.00. Model shown features optional 
Pearlescent paint (£540). *Mpg and COz figures apply to the all-new Mazda3 Fastback 150ps Diesel Manual and Mazda6 Saloon 150ps Diesel Manual models. On-the-road prices include 20% 
VAT, number plates and 3 years’ European Roadside Assistance. *The BIK value is at 20% rate based on an all-new Mazda3 100ps SE with non-Metallic paint and is valid from 1 April 2014. 
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INSIDE SCIENCE 


ROBERT MATTHEWS 


The Met Office is upgrading its weather modelling systems, but is that a good thing? 


HERE ARE FEW more worrying phrases 

that can appear on a screen than 

“downloading upgrade”. Whether it’s a 

smartphone app or a global intranet, 

you just know that something that once 
worked fine, now won't. Sure, the new version . » ee 
has more bells and whistles, but since you never ied Jes 
used the original ones, that hardly compensates , a) 


for being forced to relearn all the vital stuff that’s " 27 ow an > 


also been ‘enhanced’. ma” FD 
| get the impression there are armies of : Z 
programmers out there sitting around munching “ 
pizza and dreaming up upgrades simply to justify = 
their existence. I'm sure they're all trying to give us = 


the perfect tech experience; the thing is, though, Pete wd > : 


all too often the perfect becomes the enemy > 

of the adequate. Which is why | was deeply J 

disturbed to learn that the Met Office has recently 

‘upgraded’ its computer models of the weather. 
Forecasting the weather is mind-bendingly 

difficult, and | think the Met Office generally 

does an adequate job of it. But sometimes it 

goofs really badly _ as it did last winter, when it 

predicted a much higher chance for a dry winter 

than the apocalyptically wet one we actually got. 
The Met Office now hopes it will do much better 

with a software upgrade dubbed ENDGame (for 

‘Even Newer Dynamics for General atmospheric 

modelling for the environment’, apparently). 

The laughably unhelpful description on the 

Met Office website reveals that ENDGame 

is a “finite-difference model discretised on 

a latitude-longitude grid and is based on the 

fully compressible, 


j Ge’ = = 

i seen The bias-variance 

Well, whatever; the dilemmaisa nasty 
question is, will all this . 
make forecasts any trap that awaits 
better? My guess is that 1 
they'll just get fuzzier, with those trying to make 
forecasters increasingly really sophisticated 
talking of “a chance of rain m d Is i an hin 9 
in some areas around the odels 0 yt 4 


early part of the day” 
leaving us to guess the location of “some areas”, when the “ early part” of 
the day is, and whether “a chance of rain” is even worth worrying about. 
I'm basing my forecast partly on cynicism _ | get the feeling the Met 
Office has become increasingly wary of making clear statements, for fear 
of being held to account for blunders. But my forecast is also based on 
one of the most important scientific issues you've probably never heard 
of: the bias-variance dilemma. This is a nasty trap that awaits those trying 
to make really sophisticated models of anything including the weather. 


You'd think you can't have enough sophistication in a computer model. 
Surely the more variables, the more accurately you'll reflect reality? And 
it’s true that as complexity increases, inaccuracy (“bias”, in the jargon) 
decreases. But there's a catch: include too many variables, and you run 
out of data for pinning them down precisely. As a result, the model's 
predictions start to get fuzzier or, in the jargon, the “variance” increases. 

The bias-variance dilemma is all about finding just the right amount 
of complexity to keep the bias low without driving the variance so high 
the forecast becomes useless. Finding this balance is often very hard. 
Recently, the journal Nature carried a paper by researchers calling for 
computer models of the climate to include the effect of humans adapting 
to climate change. Adding this extra layer of complexity may well prove 
too much for models already struggling with the bias-variance dilemma. 

Has the Met Office hit the right balance for predicting Britain's weather 
with ENDGame? Only time will tell, 
but | suspect it will struggle to cope 
with effects of the, um, ‘upgrade’ 
we humans seem to have imposed 
on the climate. m= 


= SS Se | 
ROBERT MATTHEWS is Visiting 
Reader in Science at Aston 
University, Birmingham 
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eS GRAPHIC SCIENCE EBOLA OUTBREAK 


Transmitted 
by body fluids 
The first recorded outbreak of Fruit bats of the Pteropodidae family The virus is spread through sexual 
Ebola claimed 280 lives in Zaire are thought to be the natural hosts of activity or direct contact with infected 
the virus that causes Ebola blood, faeces, sweat or corpses 
Progression of the disease 
DEATH 


DAY 0-6 DAY 7-9 DAY 10 DAY 11 


3. 


Symptoms can start Joint pain, headache, Sudden high fever, Bruising, brain damage, Coma, organ failure, Up to 90 per cent 
to show in as little as muscle soreness, diarrhoea, extreme bleeding from nose, seizures, massive of cases are fatal. 
two days sore throat fatigue, vomiting blood = mouth, eyes and anus internal bleeding Corpses are infectious 
Howthedisease works (200 
gee West Africa 
il eo 2014! 


1. The virus can enter the 2. The virus latches onto a 3. The hijacked cell creates 

human body through the human cell, injects its genetic copies of the virus. These are 

eyes, mouth or breakages information inside and takes released into the body, and 

in the skin control of the cell the cycle repeats 

Previous outbreaks 
Zaire Sudan Democratic Republic Democratic Republic 
1976 1976 of Congo 1995 of Congo 2007 
Cases outside of 
Africa 2014* 
4 


*Figure correct on 28/10/2014 ‘Figure correct on 25/10/2014 
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In 1890, the Swiss Federal Council decided that soldiers should be equipped with a 
pocket knife. Karl Elsener, our great-grandfather and founder of Victorinox, would not 
be held back from offering his services and securing his little forge on the Tobelbach 
its first big order. However, he knew he would not be able to make the desired quantity 
on his own, so he collaborated with friends who were knifemakers and founded the 


Association of Swiss Master Cutlers. Together, they managed to kit Swiss soldiers out 
with their first Swiss-made knives. A few years later, he developed a new kind of pocket 
knife, one that came with additional functions, as well as being lighter and more 


elegant — the Original Swiss Army Knife. For the past 130 years, it has been a faithful 


companion to Victorinox, embodying the courage that inspired our great-grandfather to 
set out on a new path, one step at a time, day by day. 
Carl Elsener, CEO of Victorinox AG, March 2014 


Discover our heritage at victorinox.com 


ILLUSTRATOR ANDREW LYONS 


Comment 


EVERYDAY SCIENCE 


HELEN CZERSKI 


An insect unexpectedly stuck in my eye gave me an insight into surface tension 


OTH OF US were suddenly having a 
bad day, but | have to admit it was 
worse for the fly. | was out for an 
evening run along the river towpath, 
daydreaming happily as the Sun set 
over the water. And then | was rudely interrupted 
by the arrival of a tiny insect in my eye. It’s 
amazing how much discomfort such a small 
object can cause. But getting a drowning fly out 
of your eye isn't very easy because the physics 
of the tiny world of the fly is against you. 

Before | turned up, the offending midge would 
have been swimming through the air, possibly 
flaunting itself by dancing to attract potential 
mates. These insects are so minuscule that the 
air seems much thicker and more viscous to 
them, and they have to push their way through 
it. Their flight is a lot more like swimming than 
the soaring of a bird. The other consequence 
of being so small is being able to walk on water 

surface tension makes the water like a giant 
elastic sheet. The insect can stand on top of 
the water, just touching the liquid with its six 
water-repellent legs. The ‘sheet’ bends a bit, and 
the insect stays dry. The world is a completely 
different place when you're tiny. 

But if this ittle insect has the ability to walk on 
water, what was it doing stuck in my eye? Surely 
it could have simply bounced off the watery 
surface and carried on with its dancing? 

If you put a drop of water onto a waxy surface, 
you'll see that it sits up in a rounded droplet, 
keeping itself away from the wax as much as 


possible. But if you dip a 
“The offending 


Being stuck in your 
eye is not pleasant for 
insects or humans alike 


cocktail stick in washing 
up liquid and then touch 


it to the drop of water, midge would have 
the droplet will suddenly = = 
surrender and collapse been swimming 


into a flatter shape. This 
is because the detergent 
coats the surface of the 
water, lowers its surface 
tension, and makes it 
easier for the water to 
touch the wax. My problem on the river towpath was that human tears 
also contain molecules that do this particular job by reducing the surface 
tension of the liquid covering the eye. When the unfortunate fly touched 
my eyeball, instead of bouncing off straight away, it sank right in. 

So there the insect was, its viscous airy world had been rudely 
replaced with an even more viscous watery one. My tears were firmly 
sticking its body to the surface of my eye. A larger fly might have fallen 
out, but gravity’s pull on a tiny insect is insignificant compared with the 


through the air, 
possibly flaunting 
itself by dancing” 


pull of a liquid surface. | spent quite a while trying to push the insect 
towards the corner of my eye using my finger, but once it got there it 
would just drift back, floating along with the tiny fluid currents over the 
surface of my eyeball. 

If you want to solve a problem in the microworld, you need to use a 
microworld solution. The fly was stuck very firmly to the liquid surface, 
so the answer was to get it onto a bit of liquid surface that was about to 
leave my eye atear. This is partly why we produce tears they help to 
remove dust, dirt and other intruders from our eyes. Thoroughly rinsing 
your eyes with saline solution is a handy shortcut that does the same job. 
| blinked and blinked, and eventually managed to coax the fly onto a tear 
that was about to drip out of my eye. 

We live on the edge of a world where viscosity and surface tension 
rule everything, but most of the 
time we are simply too big to 
notice. On this particular occasion, 
however, | was quite happy that a 
microworld chariot was available 
to usher it away! m 


DR HELEN CZERSKI is a physicist, 
oceanographer and BBC science 
presenter whose most recent 
series is Super Senses 
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ILLUSTRATOR ANDY POTTS 


STEPHEN BAXTER 


ESUS WAS BORN in a remote and 

troublesome province of the Roman Empire, 

at the bottom rung of society. A 4th Century 

church commemorates what the faithful 

believe to be the site of His birth, but no 
trace of stable and crib remain. Even the tomb of 
Augustus — the first emperor of Rome, and the man 
at the very top of the Empire when Jesus was born 

is a much-battered ruin. The mausoleum was built 

in 28BC and was once 40m high, and as broad as a 
city block. When Rome fell, the victorious barbarian 
conquerors scattered the emperor's ashes and 
stripped the marble from the tomb’s walls. This 
year, the city of Rome has been attempting to 
renovate the tomb to commemorate the 2,000th 
anniversary of Augustus’s death, although budget 
limitations have had an impact on the project's 
success. But it can never be as it once was. Of 
course, some relics of the past have suffered still 
worse fates, such as the 6th Century statues of 
Buddha in Afghanistan's Bamiyan valley, which 
were deliberately destroyed by the Taliban for 
ideological reasons in 2001. 

Today, experiments are being undertaken 
using modern technology to create records of 
monuments. CyArk, a non-profit firm based in 
California, is making precise digital copies of 
fragile historic sites. An example of these sites is 
a string of 18th Century Spanish churches built 
along the line of the San Andreas fault that are 
vulnerable to destruction by earthquake. The 
structures are recorded inside and out using 
high-resolution photography and laser scanning. 
Visitors can explore 
the resultant virtual 
reality reconstructions 
from any angle, and in 
the finest detail. The 
reconstructions can be 
examined in ways beyond 
the visual by stripping a 
building back to earlier 
versions to reveal 
details of architecture or 
artwork, or perhaps by 
reconstructing ruins stone by stone. 

Soon, you could even get to handle copies of precious artefacts. The 
British Museum and University College London are leading a project called 
MicroPasts, in which crowd-sourced digital photographs of artefacts are 
being used as input to produce 3D images that will be released on an open 
source basis. A plastic model of a 3,000-year-old bronze axe stored at the 
British Museum was recently printed out in a public library in Washington, 
DC, thousands of kilometres away. 


Modern technology 
enables the past 

to be recreated in 
stunning detail 


Digital records like these will be a boon to archaeologists and tourists 
of the future, and there may be no limit to how much of our world we can 
preserve. Only what is scanned can be ‘saved’, but how do we know what 
to scan? We may preserve the brightest, most obvious of our cultural 
achievements, but will we save battlefields and prisons? We may not even 
know what is going to be important in the long term. At the time, it’s likely 
that nobody guessed the historic significance of Bethlehem. 

The technology can't be applied retrospectively: what is already lost 
is gone forever. Or is it? In Arthur C Clarke's 1953 novel Childhood's 
End, alien invaders called the Overlords give humanity a way to view the 
past directly. Without such a gadget, we may never see what Jesus's 
Bethlehem was really like but on the other hand, we may not like what we 
learn. In Clarke's story, when the past-viewer implement is used, “Beneath 
the fierce and passionless light 
of truth, faiths that had sustained 
millions for twice a thousand years 
vanished like morning dew.” 

And on that note, have a very 
happy Christmas! 


STEPHEN BAXTER is a science 
fiction writer whose latest 
book, Ultima, is published this 
month by Orion 
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GEOPHYSICS 


IDING ON A wave of liquid iron, 

a grapefruit sized probe is ona 

journey to the centre of the Earth. 

The immense weight of the 110,000 

tonnes of liquid iron tears apart 
rock, forging a channel running deep into 
the very bowels of our planet. Inside the 
unmanned probe are all sorts of 
instruments to measure Earth’s core and 
discover what really lies beneath. 

Just like Jules Verne’s classic 1864 novel 
Journey To The Centre Of The Earth, this is 
a work of fiction. But the concept wasn’t 
just dreamt up by some science fiction nut: 
the brain behind it is physicist David 
Stevenson from the California Institute of 
Technology (Caltech). Stevenson came up 
with the idea after producers of the 
science fiction movie The Core contacted 
him for feedback on whether the science 
in the script added up. It didn’t. But this 
nudged Stevenson to investigate whether 
we really could reach Earth’s core, 
publishing a letter in the journal Nature. 

“My letter was tongue in cheek,” says 
Stevenson. “The physics is sound, but the 
idea is unlikely to work in practice, as 
cracks aren’t controllable. Temperatures at 
Earth’s core are as hot as on the Sun’s 
surface. And pressure tends to close off any 
drill hole, unless it’s filled with material of 
the same density as the surrounding rock. 
You can’t have open spaces inside Earth, 
even at a mere 10km in depth. And the 
work you have to do just getting through 
the material is immense. A journey to the 
centre of the Earth would be more difficult 
than a mission to interstellar space, 
because space is empty.” 

But on the 150th anniversary of the 
publication of Verne’s novel, scientists are 
once more planning a subterranean 
mission but with a closer target in mind. 


PROJECT MOHOLE 


Back in the ’50s, while the Space Race was 
in full swing, a motley crew of scientists 
came up with an equally ambitious project. 
Instead of going up to the Moon, they 
planned to godown deep underground. 
In April 1957, over a boozy breakfast, the 
aptly named American Miscellaneous 
Society dreamt up Project Mohole. The 
aim: to go where no drill had ever gone 


before. The target: Earth’s mantle or 
more specifically, the Mohorovicié 
discontinuity, nicknamed the Moho. 
In 1909, Croatian geologist Andrija 
Mohorovici¢ discovered the boundary 
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Scientists and engineers hard at work onboard Cuss 1, the drilling ship that made the first attempt to drill into the Moho in 1961. 
Now a new generation of geologists is bringing the long-abandoned project back to life 


GEOPHYSICS 


between our planet’s crust and mantle 
the Moho. He noticed that around 30km 
down, seismic waves caused by 
earthquakes sped up, suggesting that the 
rocks down there were completely 
different in composition from the ones 
higher up. We now know that the mantle 
lies 30 60km below continental crust, yet 
only around 5km below oceanic crust 
within reach of drills. 

But before Project Mohole could start 
drilling, funding had to be found and the 
technology developed to keep a drill ship 
stable in swelling seas no deep sea oil 
rigs existed at that time. Funding was 
secured in 1961, and the team developed a 
clever new system called ‘dynamic 


“A journey to the 
centre of the Earth 
is more difficult 
than a mission to 
interstellar space” 


David Stevenson, California Institute of 
Technology (Caltech) 


positioning’ to keep the ship in place (see 
Know The Drill on p47). 
The first drilling mission was a success 
boring to a depth of 183m. But then 
politics played a lethal hand: funding was Above: Caltech physicist David Stevenson, who sent a tongue-in-cheek proposal for core exploration to the journal Nature 
cut and Project Mohole was canned. Below: Andrija Mohorovicic, who discovered the Moho in 1909, and (right) the sci-fi movie that prompted Stevenson’s letter 


MISSION MOHOLE 


Picking up where Project Mohole left off is 


© < anew project called Mission Mohole. The 
International Ocean Discovery Program 
Pe (IODP), made up of scientists from the UK, 


US, Japan and Germany, plans to drill all 
the way to the Moho. But first the perfect 
site has to be found. As oceanic crust is 
much thinner than continental crust, the 
team has identified three potential sites at 
sea, all in the Pacific Ocean. But what’s the 
point of spending years and millions of 
pounds trying to drill to the mantle? ; 
Think of it like a moonshot — until : : 
we actually go there, we'll never really 
have the answers to many geological ; THE ty * [ ' 
conundrums. Just as we have >) f el 


meteorites, we have rock samples 
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from the mantle, but they’re 
contaminated by the strata they 
passed through on their way up. 

“There are currently no pristine mantle 
samples, so we just have hints of what’s 
going on,” says Prof Damon Teagle from 
the UK’s National Oceanography Centre in 
Southampton. Teagle is part of the 
international team behind Mission 
Mohole. “A pristine mantle sample would 
be a geochemical treasure trove, like 
bringing back the Apollo lunar rocks.” 

Meteorites give us some clues as to the 
composition of the mantle, as these 
extraterrestrial rocks were born from the 
same cosmic material as mantle rocks. 
Meanwhile, we have a rough idea of the 
layers in our planet (see right) through 
tracking the speed of seismic waves, or by 
studying subatomic particles from space 
called neutrinos that pass through Earth. 
But it’s all still a bit of a guesstimate. 

The other big draw for drilling to the 
mantle is the possibility of subterranean 
life. While we won’t find the giant 


“It’s as demanding 
to explore the 
‘innerspace’ of 
our planet as itis 
to explore other 
planets” 


Assistant Professor Matt Schrenk, Michigan 
State University 


prehistoric monsters from Journey To The 
Centre Of The Earth, we might well find 
life on a much smaller scale. 


EXTREME EXTREMOPHILES 
The deepest anyone has ever drilled is over 
12km. Life has been found 5.3km down ina 
borehole in Sweden. At that depth, 
pressure is immense and temperatures are 
searingly hot. Forget superhumans, 
supermicrobes known as ‘extremophiles’ 
have impressive arsenals to survive in 
these unbelievably challenging conditions. 

Take Geogemma barossii. This single 
celled microbe is found at hydrothermal 
vents on the sea floor, surviving and 
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reproducing at a toasty 121°C. In the lab, 
Methanopyrus kandleri can withstand 
temperatures of 122°C. Then there’s 
Spinoloricus cinzia that doesn’t need 
oxygen to survive, while Picrophilus 
oshimae and Picrophilus torridus 
can grow atpHO far more 
concentrated than 
battery acid. 
“My favourite 
subterranean 
organism 
isa 


bacterium 
that feeds off 
sulphate and 
hydrogen,” says 
astrobiologist Dr 
Lewis Dartnell. “The 
hydrogen is produced by the 
splitting of water from radiaoactivity 
in the rocks, and so it feeds indirectly on 
radiation. But one of the most impressive 
of all is a polyextremophile called 
Deinococcus radiodurans. This superhero 
organism can survive several different 
extreme conditions being dried out, high 
doses of UV, and doses of ionising 
radiation thousands of times higher than 
what would kill one of us.” 
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For life to exist in the Moho, microbes 
would need to be able to multi task ina 
similar fashion to this polyextremophile. 
They would have to withstand extreme 
pressure and heat, while being on a 
permanent diet, surviving on virtually no 
nutrients. With 6km of rock pressing 
down, you’d think that pressure would be 
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70m 
The first deep-sea drilling ship, built 


by oil companies and used in the first 
attempt to drill into the Moho in 1961 
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Causy ROCKS 


The outer layer of our planet is relatively thin, Some of the rocks that are 


GLOMAR 
between 0-60km thick. Sediments at the likely to be encountered CHALLENGER 
surface lie on top of lavas, which sit above during the Moho attempt 1968 
gabbros - igneous rocks. Continental crust is : 
much thicker than.oceanic crust, which can 


be only around 5km deep in places. 


MOHOROVICIC 
DISCONTINDITY 
(MOE 


This boundary between the 
crust and the mantle lies about 
5km below the sea bed. At 
the Moho, it’s thought rocks 
change in composition 


120m 


Glomar Challenger provided the first definitive 
proof of plate tectonics, as well as some key 
insights into the nature of Earth’s crust 


from crustal rocks to JOIDES 
mantle ones. RESOLUTION 
1985 
MANTLE 
The mantle makes up 68 
per cent of Earth’s mass, 


making it the largest 
component of our planet. 
The upper mantle is 
composed of hard rocks, 
while the:lower mantle 
rocks are softer and 
beginning to melt. 
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Since launching in 1985, JOIDES Resolution 
has sailed on 132 scientific expeditions and 
recovered over 251kg of core samples 


Made of iron and nickel, we 
know the outer core is liquid, 
as seismic waves travel through 

it more slowly than through solid 

parts of our planet. The dynamo 
theory suggests that heat radiating 
from the inner core, combined with 
Earth’s rotation, causes the liquid iron to 

rotate, creating weak magnetic forces. 


INNER CORE 
Also made of iron and nickel, the inner core 
is solid. With temperatures reaching up to 


5,500°C, it's the engine room of Earth. Peridotite 


CHIKYU 


210m 


Currently the world’s most advanced drilling 
vessel, Chikyu displaces 56,752 tonnes and can 
drill at depths of up to 10km 


10,000+ 


the biggest problem for life at this depth. 
But in fact, lots of microbes can survive at 
high pressures. Lab microbes have been 
found to endure a whopping 1,000 extreme temperature, as it 
atmospheres, while microbes live perfectly prevents water from boiling and 
happily under 11km of water at the bottom 


producing lethal steam. With THE BIOTIC FRINGE 
of the Mariana Trench and can only grow the hottest temperature any Assistant professor Matt Schrenk, 
at very high pressures. currently known lifeform can from Michigan State University, 


A bigger problem is heat. 
But pressure actually comes in 
useful when dealing with 


survive being 122°C, there’s hope 
extremophiles could survive in the Moho, 
where temperatures could be as low as 120°C. 


DECEMBER 2014 / FOCUS / 45 


PHOTO: AMY WEST/IODP, SCIENCE PHOTO LIBRARY, ALAMY 


>) studies the microbiology of 
serpentinite rocks found on the 
seabed, similar to those that may be found 
at the Moho. “The attraction of this project 
is not the prospect of finding life in the 
mantle, but rather observing the transition 
between biotic and abiotic habitable and 
uninhabitable. Mission Mohole may allow 
us to observe the ‘biotic fringe’ and 
understand the physiological limits to life.” 
Despite high costs, Schrenk believes that 
exploring the region could bring benefits 
to our understanding. He thinks the 
biggest Moho challenge to extremophiles 
would be a lack of nutrients, as fluid 
circulation at that depth is minimal. 
“There are so many basic science 
questions that need answering,” says 
Schrenk. “How deep is the biosphere? 


“It'll be like 
lowering a hair into 
a two-metre deep 
swimming pool, and 
then drilling three 
metres into the 
foundations” 


Prof Damon Teagle, National Oceanography 
Centre, Southampton 


What is there? How related are these deep 
biosphere organisms to everything else on 
Earth? It’s as demanding to explore the 
‘innerspace’ of our planet as it is to explore 
other planets.” 

“The organisms found may be 
evolutionarily distinct and retain clues 
to the ancient Earth, or conduct unique 
activities and possess unique enzymes that 
may be of use in biomedicine. And 
quantifying the extent and activities of the 
deep biosphere, and its interactions with 
deep carbon, may be important to finding 
alternative energy technologies, as well as 
strategies to combat global warming.” 


CORE CONUNDRUM 


Mission Mohole hopes to strike mantle 
gold sometime in the next decade. The 
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Deinococcus radiodurans is one of the most resilient 
extremophile life forms known to us today 


Geomicrobiologist Matt Schrenk is keen to search for 
microbial life around the Moho boundary 


Rock samples collected by the drilling ship JOIDES Resolution await further examination and classification 


IODP team is currently trying to get the 
cash together to carry out site surveys, so 
that there are no big surprises in store, 
such as large faults running through the 
rock at depth. Since the recession, getting 
funding for ambitious science projects has 
become even harder. The biggest expense 
will be the cost of running a drill ship the 
research vessel Chikyu, which is lined up 
to carry out the drilling, costs around 
US$500,000 a day to run (see opposite). 

While the project waits for funding, 
there’s time to fine tune the technology 
needed to drill 5km below the seabed 
while hovering over one spot as the sea 
swells and ebbs. “It’ll be like lowering a 
thin hair into atwo metre deep swimming 
pool, and then drilling three metres into 
the foundations,” says Teagle. 

Prof Julian Pearce from Cardiff 
University knows a thing or two about how 
tough it is to drill at sea. He’s currently 
onboard another research ship, JOIDES 
Resolution, which has drilled to a depth of 
just over 2km. “It’s more difficult than 
drilling on land because the drilling 
platform can move up and down. So it’s not 
possible to drill ‘hard rocks’ by diamond 
coring the method used to drill deep 
boreholes on the land. This results in less 
material being removed and shallower, less 
stable holes. If you were to drill to the 
Moho, the deeper you go, the more difficult 
it is because of increased temperature and 
reduced hole stability.” 

So the big question is if Stevenson’s 
idea of sending an unmanned probe to the 
core isn’t viable, could we ever drill to the 
centre of the Earth? “Getting more than 
2,000m into the ocean crust has proved 


KNOW THE DRILL 


Oceanic crust may bea lot thinner than continental crust, but 
drilling into it presents a whole list of problems... 


Drilling on the sea bed is no easy feat: 

To counteract the rise and fall of the 
swelling ocean, a system called ‘dynamic 
positioning’ is used. Sonar is bounced 

off six submerged buoys, and the data is 
fed back to the operations room, which 
controls the propellers that serve to keep 
the ship in position. 

At the drill site on the sea floor is a 
cone, with sediment packed around to 
hold it in place. A large steel tube called 
‘surface casing’ is fitted inside, from which 
a second layer of casing can be hung. The 
casing prevents the hole from collapsing 
inwards. Inside the casing is a drill pipe 
with an uber-hard drill bit at the end. 

In such challenging conditions, all 
sorts of things can go wrong, from the 
hole collapsing in on itself to the drill 


The Chikyu deep-sea 
research vessel 


pipe getting stuck in the hole. And even if 
nothing goes wrong, the drill bit will simply 
grind itself down over prolonged use, so it 
needs replacing regularly. 

JOIDES Resolution is the world’s most 
successful research ship to date. As part 
of the International Ocean Discovery 
Program (IODP) it’s drilled down to the 
gabbros layer at one of the potential drill 
sites for Mission Mohole. 

New ship on the block, Chikyu, isa step 
up in terms of technology = it has what's 
known as ariser system. This works by 
lubricating mud being pumped down into 
the borehole, and flushing out chips of 
rock and other debris from inside. What’s 
needed now is for a 4,000m riser to.be 
developed that could bore even deeper 
into our planet. 


GEOPHYSICS 


hard enough!” says Teagle. “So 3,000km 
into the Earth is beyond reality.” 

Pearce agrees: “Not a hope, I’m afraid! 
The drill bit and pipe would melt, and it 
wouldn’t be possible to keep a hole that 
deep stable and vertical.” 

Sadly, we’ll have to leave that mission to 
the centre of the Earth to Jules Verne’s 
Professor Von Hardwigg. m 


SEE ee eee 
JHENI OSMAN is a science writer whose books 
include 100 Ideas That Changed The World 


Website of the International Ocean 
Discovery Program (IODP) 


The University of Southampton’s 
Mission MoHole page 


Matt Schrenk's Geomicrobiology lab 
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CHEMISTRY 


THE Wi 
WORST SMELLS 


Our noses can distinguish over a trillion different 
smells. But what are the most pungent pongs? 
David Busse and Lauren Hoskin investigate... 


THE ‘CORPSE FLOWER’ 
INDONESIA 


THE TITAN ARUM plant, Amorphophallus 
titanum, is indigenous to rainforests in Sumatra, 
Indonesia. It has a humongous 3m tall (10ft) 
flower that kicks up an almighty stink when 

it blooms. Fortunately for those living in the 
immediate vicinity, titan arum can go for many 
years without flowering. 

The smell of rotting flesh is due to a mixture 
of sulphur containing compounds (pungent 
cheese), trimethylamine (rotting fish) and 
isovaleric acid (sweaty socks). This repugnant 
stench is thought to attract pollinating insects 
such as ‘flesh flies’ and carrion beetles. 


PHOTO: ALAMY X2, THINKSTOCK X2, MICHAEL & PATRICIA FOGDEN/FLPA, ROBERT HARDING, GRAEME SANDERSON/YOUTUBE.COM, GETTY, NATUREPL.COM X2 
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Online extra 


Watch a video of the Focus team experiencing 
some of these smells at youtube.com/sciencefocus 


Keg= THE DURIAN 
———S MALAYSIA 


SOME DESCRIBE THE durian as 
the ‘king of fruits’, but many are 
put off by its stink, which has been 
likened to rotting onions, faeces 
and gym socks. The fruit, native to 
Malaysia but now common across 
southeast Asia, owes its smell to 44 
compounds such as methanethiol 
(rotten cabbage) and ethanethiol 
(onion). Three of 
these had previously 
never been 

known in nature 
until researchers 
analysed the durian. 


CENTURY EGG y—— THE ZORILLA 


CHINA s= CENTRAL AND 
SUB SAHARAN AFRICA 
THIS UNUSUAL CHINESE 
delicacy consists of an egg 
preserved for several weeks or 
even months in a mixture of clay, 
ash, salt, quicklime and rice hulls. 
The alkaline preservatives raise 
the pH of the egg, breaking down 
many of its proteins and fats. 
The result is a grey green 

yolk suspended in a dark brown 
white that reeks of ammonia and 
hydrogen 


ALSO KNOWN AS the Cape 
polecat or African skunk, this 
furry fiend produces a nasty 
stench from its backside that 
can be readily detected up to 
half a mile away. 

Much like the better 
known American skunk, the 
zorilla has anal glands that 
release a blend of chemicals 
to defend against predators 


sulphide N by temporarily blinding 
substances : them. Sulphur containing 
te eau compounds make up a large 
described, part of these eye watering 
unsurprisingly, fumes hence the stink. 

as that of 


‘rotten eggs’. 


of rotten eggs. 


> | SEAL ISLAND 

ZS SOUTH AFRICA 

SEAL ISLAND, A tiny landmass measuring just 
50x800m and lying 5.7km off the coast of South 
Africa, is home to over 60,000 Cape fur seals 
living in close proximity, and the decomposing 
fish and putrid faeces of their tight living quarters 
combine to make a colossal stench. 

The stink of decaying fish arises when an 
odourless chemical called trimethylamine oxide 
in the fish’s flesh is exposed to air and broken 
down by bacteria. This produces trimethylamine, 
which has a reeking, ammonia like odour that is 
found in abundance on Seal Island. 


VIEUX 
BOULOGNE 


FRANCE 


IN 2004, SCIENTISTS 
labelled Vieux Boulogne 

the smelliest cheese on the 
planet after a panel of judges 
and an ‘electronic nose’ rated 
the olfactory strength of 15 
cheeses. This pongy fromage 
even beat Epoisses de 


Bourgogne, another cheese y= THE FATBERG 
zai UK 


toMy 2014 


so pungent it’s banned on 
local buses. The rind of the 
cheese is washed in beer, and 
the aroma comes from the 
beer’s bacteria reacting with 
the enzymes in the cheese. 


IN 2013, SEWER workers removed 
a15 tonne ball of fat lodged in 
London’s pipes. “It’s a heaving, sick 
smelling, rotting mass of filth and 
faeces. It’s gross,” said a Thames 
Water spokesperson. The fatberg, 

a bus sized toxic mix of congealed 
fat, oil, nappies and faeces, took 
three weeks to clear. 


SULPHUR CITY 
NEW ZEALAND 


ROTORUA, A CITY in 
northern New Zealand, has 
acquired the nickname of 
‘Sulphur City’ due to its 
geothermal activity and 
subsequent aroma. Large 
numbers of geysers and 
thermal springs in the 
nearby countryside pump 
hydrogen sulphide into the 
air, resulting in the fragrance 


Since almost 70,000 people 
live there, though, it would seem 
that the residents get used to it. 
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i El SURSTROMMING 
i SWEDEN 


THIS SWEDISH DELICACY is 
made by fermenting raw herring 
for at least six months. The 
process relies on the production 
of lactic acid bacteria and an 
enzyme in the spine of the fish 

to convert sugars into acids and 
alcohols. Species of the bacteria 
Haloanaerobium help ripen the 
fish, giving it a sour taste, but also 
cause the production of hydrogen 
sulphide and butyric acid. 


<> THE STINKBIRD 
SOUTH AMERICA 


ALSO KNOWN AS Opisthocomus hoazin, this 
bird from the Amazon Delta is so stinky it is only 
hunted by humans in dire need. The stinkbird 
owes its manure like stench to an aromatic diet 
of leaves and its unique digestive system, which 
uses bacterial fermentation to break down food. 
Its food fermentation chamber is so enlarged to 
accommodate decomposing plants and stinky 
gases that its flight muscles and sternum are 
reduced, making it a weak and clumsy flyer. 


DECEMBER 2014 / FOCUS / 49 


Fol UtiON 


The new #2SO0Plus ... a simple way to upgrade sound 
from all your devices 


Styled faux leather finish loudspeakers that deliver real HI-Fl sound. 
Easy to Use “Pair and Play” Bluetooth audio streaming. 
New compact subwoofer creates a room filling sound experience 
Connects to smartphones, tablets, laptops, TV's, CD players, internet radios.... 
Includes one pair of #30 Bluetooth loudspeakers, compact subwoofer, remote 
control and optical cable for quick TV connection 
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ASTRONOMY 


Strange signals 
from outside A 
our Galaxy have af 
scientists baffled. But IDO OenH 
are they of alien origin? roo @. 
Hazel Muir investigates 

es oe 
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“ASTRONOMY” 


PHOTO: NAIC} NASA, SCIENCE & SOCIETY. 


CIENTISTS 

revisiting archived 

observations made by 

the Parkes Observatory 
in New South Wales, Australia in 
2007 noticed something odd. They 
saw a brief, yet extremely bright burst 
of radio waves that lasted just five 
milliseconds. Nothing like it had ever 
been seen before. But in April this 
year, a similar signal was reported on 
the other side of the world at Puerto 
Rico’s Arecibo radio telescope. 

Researchers now think there’s good 
evidence that these ‘fast radio bursts’ 
(FRBs) are not only real, but very 
common and they come from vast 
distances far beyond our own Galaxy. 
Nobody knows what causes them, but 
could they possibly be evidence of 
intelligent aliens trying to get our 
attention? 

The Parkes Observatory has a vast 
64m diameter radio dish, which is 
one of the world’s oldest large 
movable dishes. It recorded an FRB in 
2001, although it wasn’t until several 
years later that astronomers noticed 
the strange signal. Since 2007, they 
have shown that the Parkes radio dish 
has spotted at least half a dozen 
FRBs, all of them lasting just a few 
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The 

Arecibo 
Observatory 

in Puerto Rico 

has detected an 
FRB similar to those 
picked up by Parkes 


SIGNAL FROM 
ALIENS? 


In 1967, a possible alien signal appeared 
in the constellation Vulpecula. Jocelyn 
Bell of Cambridge University (now Dame 
Jocelyn Bell Burnell) picked up regular 
radio ‘beeps’ that occurred every 1.3 
seconds. They looked artificial, so her 
team named the source LGM-1 (for ‘little 
green men’). However, LGM-1 turned out 
to be a rotating neutron star _ the first 
one ever discovered. 


INN AK ai 


Jocelyn Bell, discoverer of pulsars, in 1968 
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FAC FE thousandths of a second. They have 
ON M A R S all come from different directions on 


the sky. 
All the Parkes observations suggest 
In 1976, NASA's Viking 1 spacecraft spotted that the FRBs come from sources that 
a shadowy feature on Mars that looked are very far away, according to Prof 
uncannily like a human face. Many people Benjamin Stappers from the 
jumped to the conclusion that it was an University of Manchester, whose 
alien monument, possibly designed to send team has analysed the bursts. “Radio 
a message that a civilisation once existed waves are dispersed by electrons in 
on the planet. interstellar and intergalactic space, 
But the excitement was brief. Later like light shining through a prism to 
* images showed it was simply a Martian give you the different colours,” he 
mesa (a high plateau with steep sides) that says. “This causes low frequency 
was casting peculiar shadows, making it radio waves to arrive at the telescope 
look like a human visage. later than high frequency waves.” 
The amount of dispersion the team 
measured in the FRBs suggests that 
the radio bursts came from sources 
millions or even billions of light years 
away. “They must be outside our 
Galaxy,” says Stappers. 


eee. “Our result dg 
is important ‘$4 
because it f ont 
eliminates any 
doubt that these 
bursts are truly 
of cosmic origin” 


Until now, the findings have been 
controversial, because no other radio / 
telescope had seen the peculiar short 4 
bursts. There was always the 
possibility that the Parkes dish had 
just picked up some local interference 

maybe from a satellite or radar 
station or that there was some kind 
of glitch with its electronics. 


ANOTHER SIGNAL 


Earlier this year, however, the plot 
thickened. Analysis of observations 
by the giant 305m diameter Arecibo 
radio telescope in Puerto Rico have 
shown that it has also spotted a 
fast radio burst. It occurred on 
2 November 2012 and had the same 
hallmarks as the Parkes FRBs, 
suggesting it came from far beyond 
the Milky Way. 
“Our result is important 
because it eliminates any 
doubt that these radio © 
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bursts are truly of 

cosmic origin,” says 
Professor Victoria Kaspi 
from McGill University in 
Montreal, Canada, who headed 
the Arecibo survey that detected 
this FRB. “The radio waves show 
every sign of having come from far 
outside our Galaxy, which is a really 
exciting prospect.” 

Dr Laura Spitler from the Max 

Planck Institute for Radio Astronomy 


“The radio waves 
show every sign 
of having come 
from outside our 
Galaxy, which is 
a really exciting 
prospect” 


in Bonn, Germany, who led the 
analysis of the Arecibo signal, adds 
that the observations now look 
extremely compelling. “The 
brightness and duration of this event, 
and the inferred rate at which these 
bursts occur, are all consistent with 
the properties of the bursts 
previously detected by the Parkes 
telescope in Australia,” she explains. 


POSSIBLE CAUSES 


So what causes these extremely 
bright radio bursts? So far they’re a 
complete enigma, says Stappers. 
Possibilities include a range of exotic 
astrophysical objects, such as 
evaporating black holes or mergers 
between neutron stars. Neutron stars 
are the collapsed remains of the cores 
of massive stars that imploded during 
supernova explosions. 

“Another possibility is that they are 
bursts much brighter than the giant 
pulses seen from some pulsars,” adds 
Professor James Cordes from Cornell 
University in Ithaca, New York. 
Pulsars are rapidly spinning neutron 
stars that emit radio beams from 
their poles, and these can appear as 
radio pulses as they sweep across 
Earth like lighthouse beams. 

But is there any chance that the 
fast radio bursts are messages from 


PHOTO: SCIENCE PHOTO LIBRARY X2 
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Could 

FRBs 

come from 

a previously 
unknown type of 
pulsar? It’s one of 
several possibilities 


FALSE 
ALARMS 


At the Arecibo Observatory in 
Puerto Rico, false alarms of alien 
communications happen regularly. Often, 
the dish picks up a narrowband signal 
that doesn't look like anything natural. 
ut it usually takes just minutes to rule 
out alien communications because the 
signal persists even when the telescope 
monitors a different patch of sky. This 
suggests that the message is coming 
from a satellite or one of Puerto Rico's 
many radar and telecoms installations 

a bugbear for SETI researchers. 


(op) 


sso 
SWS 


THE ALIEREUNTER 


es 


Douglas Vakoch is Director of Interstellar Message wW 
Composition at the SETI Institute in California 


What would convince you that a 
signal was potentially alien? 

We'd get excited if the signal looked 
different from anything that nature can 
make and if it came from a specific point 
in outer space, like a nearby star. Also, 
the signal would need to repeat. 


How would you decode it? 

First we'd look for patterns in the signal, 
like simple counting. And then we'd look 
for ways to connect those patterns to 
the real world. We can use counting, 

for example, to organise the chemical 
elements into the periodic table, and we'd 
hope scientists on other planets would 
recognise this pattern in nature, too. 


What would you expect the 
message to say? 
A message from extraterrestrials won't 
» bein English or Chinese or Swahili. 
But if we get a message from 
aliens, we know they can build 


radio transmitters. They'd need to know 
basic maths and science, like‘l+2 37, 
so that's how a message might start. 

But if they only told us about things we 
already know, then what's the point? | 
hope they'd also tell us something about 
their culture, like their art or music. 


What would convince you that 
you'd cracked an alien code? 
I'd be convinced that we understood the 
message if it showed us something new 
something we could later confirm with 
our own science. Then we'd know we 
weren't just projecting our own hopes 
and desires onto this alien message. 


After decoding, what would you do 
about it and who would you tell? 
Decoding a message could take decades. 
Long before then, we'd have told the 
whole world about it. But then we'd face 
the most critical questions: should we 
reply, and if we do, what should we say? 


extraterrestrials trying 
to contact us? It seems 
unlikely. One reason is that 
the bursts are probably very 
common and seem to come from 
random directions on the sky. 
Scientists have only detected a 
handful of them so far, but they think 
that if huge radio telescopes were 
monitoring all of the sky all the time, 
they’d see roughly 10,000 of the 
bursts each day. It seems odd that 
aliens on thousands of planets in 
different parts of the cosmos would 
all contact us in the same manner. 

The natural looking patterns of the 
FRBs are further evidence that they 
are not of alien origin. Light 
emissions from natural astronomical 
sources are usually broadband, and 
smeared out over a wide band of 
wavelengths. Narrowband signals 
with a waveband spanning only a few 
Hertz wide or less are typical from a 
purpose built transmitter. That 
doesn’t fit with the FRBs, which have 
multiple wavelengths. 

According to researchers involved 
in the search for extraterrestrial 
intelligence (SET), another problem 
is repetition. No one has seen any 
FRBs repeat in the same patch of sky. 


ASTRONOMY 


However, it’s impossible 
to rule out the idea that 
they never repeat. Maybe the 
repetition just takes a very long 
time, and repeats could be detected 
in future. 

For now, interpreting the bursts is 
just too difficult. Telescopes under ° 
construction in Australia and South 
Africa have the potential to detect 
more FRBs, and this could clarify the 
nature of these odd events. 

Another observatory that should 
pick them up is CHIME (Canadian 
Hydrogen Intensity Mapping 
Experiment) in British Columbia. 
CHIME is an innovative new radio 
telescope that will have five 
cylindrical reflectors with the 
approximate dimensions of 
snowboarding half pipes, with radio 
receivers along each one’s focus. The 
reflectors won’t actually move, but 
they'll detect radio signals from half 
the sky each day as the Earth rotates. 


ONGOING MYSTERY 


Stappers says he has no personal 
hunch about what the sources of 
FRBs are, but he hopes that detecting 
more will resolve the issue. “We are 
working very hard to find more of 
them, and also to pinpoint them in 
the sky more accurately to try and 
find their host location,” he says. “Are 
they in galaxies? And if so, where in 
the galaxy inthe centre?” 

Until then, FRBs will have to be 
filed among unsolved mysteries, 
alongside the ‘Wow! signal’. This 
strong, narrowband radio burst lasted 
more than a minute and was detected 
by Ohio’s Big Ear radio telescope in 
1977. Jerry Ehman, the astronomer 
who spotted it, wrote ‘Wow!’ ona 
printout of the signal. The Wow! 
name has stuck, but the signal has 
never been seen again. 

The chances are that the fast radio 
bursts are something natural, rather 
than signals from little green men. 
But what causes them will no doubt 
baffle astronomers for some time. ™ 


HAZEL MUIR studied astrophysics before 
becoming a science journalist and author 


aes 4) Listen to an episode of 
ieee The Life Scientific on Jocelyn 
op Bell Burnell, discoverer of 
pulsars: http://bbe.in/KZ9SjX 
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C70 3527 GI CHRONOMETER — LIMITED EDITION 


The C70 3527 GT - named from the chassis 
number of the seventh Ferrari 250 GTO to leave 
the Maranello gates and from which it has a 
precious fragment of body panel in the case back 


- is a limited edition of 100. CH RW, ARD 


EXCLUSIVELY AVAILABLE AT Christopherward.co.uk LONDON 


HOW TO BEAT THE 


WINTER 
BLUES 


For sufferers of SAD (seasonal 
affective disorder), short days bring 
bouts of depression. But new research 
shows there’s more to it than a lack of 
sunlight, as Lilian Anekwe reveals 
- |LLUSTRATION BY THOMAS DANTHONY 


MENTAL HEALTH 
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ANY PEOPLE FEEL gloomy at this 
time of the year. The days are short and 
the weather is bad. But for an estimated 
two million people inthe UK about 
one in 32ofus_ this feeling of the 
‘winter blues’ deepens into a type of 
depression called seasonal affective 
disorder (SAD) that occurs every year and worsens 
as the winter progresses. But new research is 
revealing that it could be more than a lack of 
sunljght that is affecting sufferers’ moods. 

Those who have SAD often sleep more than usual 
or have difficulty sleeping. They can feel lethargic, 
anxious or irritable, and experience mood changes. 
SAD may even weaken the immune system. 

“People with SAD are on a spectrum of how 
much it interferes with their ability to function,” 
explains Dr Natasha Bijlani, consultant psychiatrist 
at the Priory Hospital in Roehampton. “But one of 
the key factors that distinguishes SAD from other 
types of depression is that there seems to bea link 
with light deprivation: people with SAD usually 
show a favourable response to bright light therapy.” 


“New research 
suggests that light 
deprivation during the 
wintertime only partly 
explains SAD” 


Our body uses sunlight to regulate our circadian 
rhythm the usual 24 hour cycle of our mood, 
sleep, appetite and energy levels. It’s thought that 
sunlight stimulates a region in the hypothalamus in 
the brain called the suprachiasmatic nucleus (SCN). 
Dr Bijlani describes it as “like a pacemaker in the 
brain that controls the sleeping and waking cycle.” 

The conventional thinking is that when our eyes 
perceive daylight, the cells in the retina send a 
signal to the SCN, which then transmits a message 
to the pineal gland in the brain. The pineal gland is 
sometimes referred to as our ‘third eye’ because it 
reacts to produce less melatonin when we are 
exposed to light. At night, or when there is a lack of 
bright sunlight, this process is reversed and our 
bodies produce more melatonin which makes us 
feel sleepy and lethargic. This process is thought to 


be linked to the effects seen in people with SAD. It 
would also explain why light therapy using a light 
box to provide exposure to very bright light can 
be an effective treatment for many people. 

SAD sufferers can have lower levels of serotonin 
in the winter. This has been linked to increased 
appetite and eating more than usual. In fact, a 2014 
study in Psychiatry Research found that 27 per cent 
of people with SAD binge ate during winter. 


SHEDDING NEW LIGHT ON SAD 


New research suggests that light deprivation 
during winter only partly explains SAD. Scientists 
innorthern Norway where there are just a few 
hours of sunlight a day during winters that last for 
many months have found that depression in 
winter is no more common than in other countries. 


Top left: Vestvagoy, northern 
Norway, where darkness is 
near-total for several months 
during the winter 


Above left: Lightboxes equipped 
with special bulbs can help 
relieve the symptoms of SAD 


Above: A polarised light 
micrograph of serotonin. Low 
levels of this neurotransmitter 
are linked to depression 


MENTAL HEALTH 


HVE TIPS FUR COPING WiTn SAD 


lf winter gets you down, there are things you 
can do to help make life more bearable 


Get treatment 

Light therapy, newer antidepressants called 
selective serotonin reuptake inhibitors 
(SSRIs) and psychotherapies such as 
cognitive behavioural therapy (CBT) are all 
recommended for helping people with SAD. 


Exercise 

Taking part in exercise, particularly outdoors, 
can help boost our mood. Some studies have 
found regular activity of any type can make 
people feel happier. It can distract you from 
your worries, and may boost the levels of 
endorphins in the brain that improve mood. 


Avoid stress 
Get support to help you cope better with 
stress. Avoid triggers such as tobacco, 
alcohol or illegal drugs there is a strong link 
between cannabis use and depression. 


Improve your diet 

Don't skip breakfast, eat at regular intervals, 
and stick to slow-burning carbohydrates 
such as wholemeal bread and sweet potato 
that give sustained energy. lron-rich foods 
like red meat and green leafy vegetables can 
help prevent fatigue. 


Stay social 

Getting out and socialising can improve 
your mood. Keeping in touch with friends 
and family also means you have someone to 
talk to when you feel low. 


So what else might play a role? Research by Dr 
David Kerr, associate professor of psychology at 
Oregon State University, provides some clues. 
Kerr and his team tracked over 700 people’s 
moods at different times of year for 19 years, then 
compared the data with weather records in the 
weeks before they filled out their questionnaires. 

The study, published in the Journal Of Affective 
Disorders in 2013, found weather patterns alone 
didn’t predict people’s mood. Other factors, like 
gender differences or a family history of \ 
depression, had a more pronounced effect on , 
people’s mood than changes in the season. 

“We found there were seasonal patterns in 
mood changes, but these were modest,” Dr Kerr Se 
explains. “There’s no doubt that SAD is real, >) 
it is serious and it does greatly affect people. 
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But from our research it appears that while 

there is a distinct group of people with SAD, 
there’s also a much larger group of people who have 
a seasonal variation in mood changes that isn’t 
clinically significant but is still noticeable. The 
degree to which this affects the average person may 
have been overestimated. People don’t always know 
why they are having a hard time: when people are 
distressed they attribute it to the weather, and 
sometimes that’s true. But sometimes it’s not.” 

Genetics, environment, social factors and 

personality have all been connected to causes of 
depression. And research indicates that the way 
people think and behave could be linked to SAD, 
too. At the University of Vermont, psychology 
professor Kelly Rohan is conducting a trial in 177 
people with SAD, to compare light therapy with a 
six week course of cognitive behavioural therapy 
(CBT). Her early findings suggest that both 
treatments improved symptoms in the short term, 


\ REVERSE “People who underwent 


Dr Natasha Bijlani, 
consultant psychiatrist at 
The Priory, Northampton 


~~ 


SMR SA: THE SUE I 


lh 


Some people experience SAD not when it’s dark, but when it’s sunny CBT felt less depressed 
and experienced fewer 


It's estimated that 5 to 10 per cent of trigger self-harm or suicide. A 2014 
Z people wal a ele ee or es ee ds ie es a ? repeat bouts of SAD 
= reverse, . These individuals become sychiatry looked at death records an ” 
= depressed in the spring and summer, weather patterns across 40 years in two years later 
® asthe days become hotter, brighter and Austria. The research found that more 
3 longer. In countries near the equator, people committed suicide when there SS Se 
= summer SAD is common compared had been more sunshine on that day and 
S to winter SAD, because winter SAD is in the previous 10 days. However, after 
rare in regions where daylight hours are two weeks of sunny days, suicide rates but people who underwent CBT felt less depressed 
3 consistently long all year round. People reduced. Not too much should be read and had fewer repeat bouts of SAD two years later. 
= with summer SAD have a poor appetite into this, as multiple factors can lead CBT helps people change their thought processes, 
2 and feel agitated not lethargic and low, to depression and suicide, but the links and teaches alternative ways of thinking and 
= like many people with winter SAD. between light exposure and mental health behaving. Prof Rohan believes it could be useful for 
= “Summer SAD is a more recent are interesting. people with SAD who have negative thinking 
= phenomenon that affects relatively few As with winter SAD, getting a diagnosis patterns, or who have behaviours that encourage 
& people, so we still don’t know much about and treatment is key to tackling the them to withdraw from others during winter. 
= it,” says Dr Natasha Bijlani. “It's possible symptoms. “Reducing exposure to “It looks as though these results will challenge 
z it’s linked to a heat stress effect.” sunlight, and keeping cool by going for a the dogma that SAD is dictated by circadian 
Ss Some psychiatrists suggest the swim, using air-con or having cold baths, rhythm,” says Prof Rohan. “They’re consistent with 
2 agitation caused by summer SAD can can improve symptoms,” Dr Bijlani says. a hypothesis that people’s thoughts and behaviours 


are also involved. So for people who don’t respond 
to light therapy, this may be another option. 

“The study points towards the suggestions that 
SAD isn’t purely circadian driven or genetically 
mediated,” she adds. “Although they are very 
important factors, we need to make room for 
behavioural and developmental influences, too.” 

The hope is that by challenging previous research 
to find more links to SAD, we may develop a better 
understanding and improved treatments to help 
sufferers adopt a more positive outlook. m 


L——>E~——_———>—_—__L________————— 
LILIAN ANEKWE is consumer health editor of The BMJ 
(formerly The British Medical Journal) 
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Better than any Wi-Fi repeater 


Enjoy Wi-Fi in any room* 
Best reception for smartphones 
and tablets 


dLAN® 500 WiFi Starter Kit 

e Unpack, plug in, get started 

e Improves Wi-Fi reception and range 
«| Engineered in Germany 


e 3-year manufacturer's warranty 


* Required: broadband Internet connection, router and active power sockets within one property. de VOU L Cj 


| Currys | Oy [=] More information: The Network Innovation 


dese cosa Bes www.devolo.co.uk/Wwi-fi 
‘ Tel.: +44 (0)1865 784344 
PCWorld [) Email: sales@devolo.co.uk 


FIGHTING FIRE 
WITH FIRE 


Bushfires in Australia are a major threat 
to life, the environment and the economy. 
Mun Keat Looi meets the scientists who 
are working hard to learn more about how 
bushfires start - and how they spread 


PHOTO: ROHAN THOMSON/THE CANBERRASTIN 


62 / FOCUS / DECEMBER 2014 


BUSHFIRES 


FEELING THE BURN ; 


AUSTRALIA BECAME A furnace in late 
2013 and early 2014. Parts of the country 
saw temperatures climbing above the 
40°C mark. Adelaide reached an all time 
high of 44.7°C in February, while 
hundreds of regions endured their driest 
periods since records began. This one two 
combo of heat and drought turned 
Australia’s vegetation, which covers 91 per 
cent of the country, into kindling, fuelling 
what officials described as the worst 
wildfires in 40 years. 

The most recent Australian forecasts 
are predicting scorching summer weather 
once again, and researchers are racing to 
discover new ways to battle the wildfires. 
To gain the upper hand, scientists at the 
Commonwealth Scientific and Industrial 
Research Organisation in Canberra have 
created the machine pictured here, the 
Pyrotron. This indoor furnace simulates 
the infernos that tore through much 
of southern Australia last year. > 
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INSIDE THE PYROTRON 


THE PYROTRON IS a 25m long 
combustion wind tunnel made of 
steel, aluminium and toughened 
glass. Costing A$190,000 (approx 
| £104,000), it is designed to simulate 
Se extreme weather conditions and the 
burning of bushfire fuels (vegetation) 
under safe and repeatable conditions. 
The tunnel boasts a 2 tonne fan 
able to shift 22m* of air a second, and 
a variable wind speed of up to 5.5m/s 
equivalent to roughly 60km/h in 


7 the open. But its real power lies in 
gt’ specialist instruments that measure 
et 4 _~ the radiant heat of flames, their 
A 4 Po a s: > Fe % s structure and their temperature 
4 . —s Cuil’ & ‘> * profiles. It has high speed and 
= > = = ‘ infrared cameras, as well as a GoPro 
c . a ~ ~< camera whose footage can provide 
m ss measurements of things such as flame 
‘pate a" position and depth. 
i . . * =~ ‘ “We can do things in the lab that 
ms > 2 Mn we can’t do in the field,” says CSIRO’s 
~ : * *, >< 1 aA ° Dr Andrew Sullivan. 
. ss oP .2s it~. _* 


RECREATING 
THE FOREST FLOOR 


“WE FIND IT very difficult to get 
any decent information about what 
is happening in front of a major fire 
in the field,” says Sullivan. “There 
are just so many vagaries around the 
weather and the topography. And 
that’s where the Pyrotron comes in.” 
They fill the base with material 
you would find on the forest floor, 
such as leaf, bark, twigs up to 15kg 
of the stuff, spread to around 2cm 
deep. “We can control the moisture 
content of the fuel, the structure and 
the amount,” says Sullivan. Pyrotron 
experiments last 15 20 minutes and 
can be repeated over and over. They 
yield about as much smoke as a 
wood fired backyard barbecue. 


PHOTO: CARL DAVIES/CSIRO, ROHAN THOMSON/THE CANBERRA TIMES/FAIRFAX SYNDICATION X2 
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PHYSICS, BIOLOGY AND 
CHEMISTRY COLLIDE 


LEAD SCIENTIST JIM Gould 
demonstrates the Pyrotron to CSIRO 
visitors. “There is no one discipline that 
you can have studied in order to research 
bushfires,” says Sullivan. “The complexity 
of trying to predict the weather is 
compounded by the biological complexity 
of the vegetation it has to burn through, 
the physics of heat transfer from flames 


to unburnt fuel, the chemistry of the 
combustion of that fuel, and the changes in 
the amount of energy that gets released by 
fire when it is burning. 

“We use a broad range of approaches in 
our work,” he continues, “one of which is 
conducting experimental fires in the field 

lighting real bushfires under controlled 
conditions. One thing we’ve learned from 
our field work is that size matters larger 
fires burn faster. A wind tunnel reduces the 
scale of things you can study, but also 
opens up new ways to study them.” > 
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WARNING: HIGH RISK 
OF SUDDEN DEATH 


OCTOBER 2013. FIREFIGHTERS battle 
flames in Bilpin, 75km (46 miles) from 
Sydney. Most firefighting deaths occur 
following a sudden change of wind 
direction, with radiant heat from flames, 
dehydration and asphyxiation due to 
smoke inhalation the major killers. 

“Tt’s important for firefighters to know 
how long they’ve got before a fire is too 
large to attack directly,” says Sullivan. 
“You might have as little as 20 minutes 
before that fire is too big to attack directly 
with water. What we did in the Pyrotron 
was investigate the rate of growth of 
point ignitions. Imagine you’d dropped a 
match: how quickly would that fire grow 
and reach what we call a ‘steady state 
rate of spread’? By varying conditions in 
the Pyrotron, we could actually build a 
relationship between the time a fire grows 
for, and how fast it spreads.” 


BUSHFIRES 


COUNTING THE COST 
OF BUSHFIRES 


IN OCTOBER 2013, these wildfires 

in New South Wales were captured 

by a satellite tuned to the red band of 
the colour spectrum, which makes it 
easier to pick out smoke plumes. In 
terms of total area burnt, the largest 
fires Australia has experienced 

are in the Northern Territory and 
northern areas of Western Australia 
and Queensland. Most loss of life and 
economic damage occurs on the fringes 
of the country’s cities, where homes are 
close to flammable vegetation. ‘Black 
Saturday’ was the worst ever bushfire 
in Australian history. Brought on by the 
2009 drought, it claimed 173 lives 

and over 2,000 homes. 
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FIGHTING FIRE 
FROM ABOVE 


THERE ARE TWO ways of fighting fires 
from the air. One (pictured) is to drop 
retardant a material that inhibits flame. 
This doesn’t actually get applied to the fire 
itself, but downwind of it’ the fire is meant 
to run into the retardant. 

A more direct approach is to drop water 
on the flames. “But what they find is if the 
water drifts or doesn’t actually make 


FIRE-RESISTANT HOMES => 


THIS ‘SMART HOUSE’ in Western 
Australia is built on steel stumps, and the 
floor is suspended and protected from 
flames by fire resistant cement sheets. It 
has double glazed, fire resistant glass, 
and roller shutters to shield from embers 
and radiant heat. Sprinklers protect the 
decks, and the roof is fire resistant with 
no eaves, to prevent embers from settling. 
“This is a very windy, coastal place, so 
keeping the geometry simple makes sense 
from a maintenance point of view,” says 
Dr Ian Weir of the Queensland University 
of Technology. This approach means that 
the house has no nooks and crannies in 
which flammable material can build up. 
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contact with the flames, it’s essentially 
wasted,” says Sullivan. “By the time the fire 
gets to the water, it will have evaporated 
away. So what they’ve been doing in the 
last five or so years is adding things to the 
water... actually the same sort of substance 
that you find in disposable nappies.” 

This added material turns the water into 
a gel that can stick to things, and that 
retains its moisture a lot longer than 
normal water. Sullivan’s team has been 
testing various gel additives to see how 
they could be applied to fires. 


LIKE A PHOENIX 
FROM THE ASHES... 


AS DEVASTATING AS bushfires are, 
forests can recover from them, though it 
depends on the type of vegetation and 
what stage it is at when the fire occurs. 

If a bushfire occurs in ash forests when 
seed is not present or mature, it will not 
regenerate, as was the case in many 
Alpine ash areas in the Victorian Alps 


after the 2006 Great Alpine Fire. 
Eucalyptus trees, however, thrive in fire. 
Their bark acts as a natural insulating 
agent, protecting the tree, which can then 
regenerate once the fire has passed using 
its ‘lignotubers’ woody swellings on 

the roots or stems containing bud and 
food reserves. 

In fact, eucalypt leaves contain highly 
flammable oils, which may be an 
evolutionary way of encouraging fire, and 
so eliminating competing plants. 


MUN KEAT LOO is a science journalist, senior 
editor at The Wellcome Trust and co-author of 
the book Big Questions In Science 
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_ SCIENCE AND TECHNOLOGY’ - 


- HOW WELL SAVE THE PLANET 


~ *Bigideas to solve the biggest problems = 


~ January issue, on sale 11 December 2014. 
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Lowepro 


Trusted for 47 Christmases 
and counting... 


Mountaineer, photographer, filmmaker and incessant product 
innovator, Greg Lowe, developed the first lightweight and 
foam-padded nylon cases to protect camera and cinematography 
equipment from the hazards of climbing. It came out of a 

need to carry valuable gear to new places and Lowepro hasn’t 
stopped since... 


DASHPOINT AVC 

The Dashpoint AVC will keep your action camera safe and sound with an 
impact resistant hard shell. Featuring a removable organisation panel, 

it keeps small accessories secure but readily available. The customisable 
interior means you can feel confident that your action video camera 

and accessories are ready when you are_ even in the most extreme 
environments. Two sizes, prices start at £26. 


EVENT MESSENGER 

Capture life’s events with an all-access shoulder bag built to fit your 
complete camera kit. This discreet and streamlined messenger does not 
shout “camera bag” and includes hook/loop fasteners that can change into 
quiet mode, which is perfect for getting the camera out unnoticeably in a 
crowd or at an event. Available in three sizes and two colours. Prices start 
from £37. 


PASSPORT SERIES 

Space for your camera. Space for your personal gear. Space for your tablet 
or laptop. That’s what you get with the discreet, protective and versatile 
Passport Series. Each features a removable camera insert which can adjust 
to fit either a compact DSLR or CSC. Various styles and colours available 
starting at just £52. 


TOPLOADER ZOOM AW 

The photographer’s favourite. The lightweight, slim, holster style design 
provides a snug fit and easy-access carrying solution for a DSLR with 
attached zoom lens. The patented, built in All Weather Cover™ (AW) 
protects gear from the elements whilst the interior zippered pocket 
includes space for a spare memory card and other accessories. Available in 
three sizes. Prices start from £30. 


www.lowepro.co.uk 
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Passport Series 
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JOBY Action Series 


JOBY 


All you need is Joby this Christmas 


If you’re stuck for the perfect gift or stocking fillers this 
Christmas, look no further than JOBY. 


CAPTURE THE ACTION! 

JOBY’s Action series provides ways to quickly secure your action camera 
to almost anything. Get the most exciting footage possible plus POV shots 
of you in the moment! The brand new vibration resistant suction cup lets 
you fix your action cam to clean, flat surfaces with a simple quick-twist: 
perfect for cars, boats and motorcycles. The innovative sliding clamps let 
you close the gap on surfaces as thin as a stop sign or as thick as 5cm. JOBY GripTight Mount 


Both come with two arm options. The locking arm includes two arm joints 
that rotate 360° and pivot 180° side to side. Simply site your camera at 

any angle and tighten the locking arm to give you long lasting, vibration 
resistant positioning. Or choose the super-quick flexible GorillaPod arm 
with its five balls and sockets. Prices start from £25 SRP. 


ANY PHONE, ANY TRIPOD, ANYWHERE! 

If you’re glued to your smartphone for taking pictures or shooting video 
then you'll love the JOBY GripTight Mount™. In two sizes, the regular 
GripTight is compatible with smartphones like the iPhone 6, and the new 
GripTight XL is perfect for the larger iPhone 6 Plus, Samsung Galaxy S5 
and other phablets. The GripTight comes with a universal %4 20” screw to 
fit almost every tripod and is available in two kits a micro tripod and of 
course a GorillaPod option! GripTight kits start at £25 SRP. 


JOBY Convertible Camera Strap 


REVOLUTIONARY CAMERA STRAPS! 

To replace the boring strap that comes with your CSC or DSLR camera, 
JOBY has created a dynamic and innovative camera strap range to make 
photography fast, comfortable and more fun. The Convertible Neck Strap 
quickly converts from neck strap into a wrist or carry strap. Durable and 
custom woven fabric is soft to the touch and comfortable during long 
shoots making it perfect for Digital SLRs, compact system cameras and 
binoculars. Convertible Neck Strap retails for £25 SRP. 


www.joby.com 
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Camera Jungle 


Panasonic LUMIX DMC-GF5 Twin Lens Kit £249.99 


At Camera Jungle we specialise in used equipment, giving you superb 
value cameras and accessories such as this pocketable, easy to use 
Panasonic LUMIX DMC-GF5 twin lens kit. Every product we sell comes 
with a six month guarantee, giving you peace of mind if you’re buying a 
camera as a gift or for yourself. 


ZZ 
www.camerajungle.co.uk Acoma 
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Victorinox Delémont 


The new Victorinox Delémont collection is a beautifully presented 
range which would make the ideal gift for anyone this Christmas. 
The Evowood 17 has 17 functions preparing you for any situation 
that crops up. The tool includes: blade, nail file, serrated edge 
scissors, can opener, small screwdriver, wire stripper and more. Its 
eye catching handles are made from walnut wood and include the 
Evo Grip for ease of use. With Swiss quality, a Delémont pocket tool 
is a companion for life. _ 

RRP £52.99 + | 
VICTORINOX 


www.victorinox.com/ch 


Maglite® XL50 LED 


The Maglite® XL50 LED is the perfect gift for any technical torch lover. 
The high performance LED flashlight features a push-button tail cap 
switch with three selectable modes; high power, 25% energy saver and 
emergency safety strobe. The compact design is durable and rugged 
with an aluminium case and is anodised for corrosion resistance and 
durability. 
RRP £49.99 

@MAGLITE 


SOLITAIRE’ LED 


www.maglite.com 


DURACELE 


DURACELE 


The Leatherman 
Juice range 


The Juice range from Leatherman includes four different multi- 
tools to suit every pocket. Made from stainless steel and supplied 
with Leatherman’s 25-year guarantee, a Juice is for life, not just 
for Christmas. The Juice range provides the ultimate pocket 
tools ideal for that troublesome packaging on Christmas day, 
changing a fuse or cracking open a bottle of wine. A Juice will 
quickly become your go to tool. 


www.whitbyandco.co.uk/leatherman 


(YD LEATHERMAN 


Leave nothing undone” 


The BioLite KettleCharge 


Perfect for the social media loving gadget geek 


The BioLite KettleCharge works with any camp stove and will 
keep your mobile, camera, tablet or UV water purifier charged 
while you’re out where there is no power supply. Simply fill with 
water, pop on your camp stove and boil the KettleCharge will 
generate and store up to 10 Watts of energy ensuring you can 
keep connected with the rest of the world whilst on your outdoor 


adventures. 
W) BioLite 


www.cotswoldoutdoor.com 
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AKG Headphones 


Discover AKG’s signature 
quality sound in a stylish, 
on-ear headphone destined 
to go with you everywhere 


There are a lot of good headphones out there, but few have the 
credentials for sound quality that AKG enjoys with over 67 
years of Grammy® recognised achievement and the respect of 
musicians everywhere. Listening to the Y50 is only part of the 
AKG magic. The AKG Y50s with hands-free control represent 

a new breed of exceptional on ear headphone for people 
demanding more: more quality, more convenience, more 
flexibility. Their inspirational performance is matched by 

bold styling and a lightweight, comfortable fit that redefines 
the category. 


www.AKG.com 
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> “Eee On-ear headphones 
LIA DK yA Best portable on-ear headphones up to £100 
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Nite Watches 


Designed in Dorset and featuring Swiss 

movements and Swiss GTLS (Gaseous Tritium 

Light Source) technology, Nite Watches are hae 

fast becoming one of the most trusted and ie an a ie oS 4 2 
desirable British watch brands around. aS: Ecat ae : 


Nite Watches was founded 10 years ago and has 
become synonymous with making excellently 
engineered timepieces with outstanding readability “ si 7 2 : 
at any time of the day or night due to the GTLS : sed yee oS eh Kee ; a, ve Z 
illumination technology. Thanks to the meticulous Z BEY ima ¢ F : 
detail employed in making every timepiece, Nite 
was awarded a prestigious contract to supply the SE ee , . . 
British Special Forces in 2005. Subtle aspects of the Biers Sur ‘ alia Ve i ° 
proud military heritage enjoyed by Nite are evident : 

in all designs and ensure that each watch is as 

precisely engineered as the next. 


The latest series in the Nite collection is the ICON. 
This is a step towards a more classically designed 
watch and feels as comfortable up a mountainside 
as it does in the boardroom. Featuring a stainless 
steel case, Swiss movement, Swiss GTLS and a screw- 
down crown, the ICON truly is a watch that you will 
never want to take off. 


Nite Watches pride themselves on their excellent 
customer service and by exclusively selling to 
customers direct through their website, they are 


able keep the retail price at a minimum, offer a two 
year watranty, extended Christmas returns dates 
and a 30% second purchase discount. 


www.nitewatches.com 
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Q Acoustics 
Media 4 
Soundbar 


The new, award-winning Q Acoustics Media 4 is 
a genuine, hi-fi quality Soundbar with a 100W 
amplifier and built-in subwoofer. It incorporates 
advanced ‘BMR’ ultra-wide dispersion drive 
units and delivers an audio performance clearly 
so superior that What Hi Fi? magazine awarded 
it their ‘2014 Soundbar Product of the Year’, 
declaring it: “Sounds fantastic”. 


www.Qacoustics.co.uk 


MEDIA 4 


Soundbars & soundbases 
Best soundbar £300-600 
QAcoustics Media 4 


Grado 
eSeries 


The world’s finest 
headphones 
— now even better! 


In designing its new ‘eSeries’, Grado 
revisited every single component, 
surface, and material used in its iconic, 
award winning headphones. Each has 
been optimised and upgraded to achieve 
one simple goal: unparalleled dynamics 
and sonic fidelity. The new ‘eSeries’ 
headphones are extraordinary in every 
aspect of the sound. Experience them 
for yourself at your nearest Grado 
authorised dealer. 


www.grado.co.uk 
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On-ear headphones 
Best home on ear headphones £150 £300 
Grado SR325e 


Grado SR325e 
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Icewind Dale: 
Enhanced Edition 


Become a hero of the Forgotten Realms 
in Icewind Dale: Enhanced Edition. |In the 
Spine of the World’s snow-covered peaks, 
a sinister force rises, and you are all that 
stands in its way 


Beamdog invites Dungeons & Dragons players into a world of striking graphics, 
engaging music, thrilling sound effects, and formidable tactical challenges. With 
hundreds of improvements and restoring previously cut content, Icewind Dale: 
Enhanced Edition includes the expansions Heart of Winter and Trials of the 
Luremaster. The game is available now on PC, Mac, iPad and iPhone, Android, 
and Linux. 


www.icewinddale.com 


ROCCAT TYON 


Gaming has changed. The modern battlefield is 

an increasingly unforgiving place, with threats 
from the air, sea and land. How do you react to 
these extra dimensions of gameplay? Enter the 
ROCCAT Tyon, the all-action multi-button gaming 
mouse that’s the result of countless hours of design 
and testing from the industry’s greatest minds, 
specifically tailored for modern, 

multi vehicle warfare. 


www.roccat.org 
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World of Warcraft: 
Warlords of Draenor 


Take your place on the front lines 


World of Warcraft®: Warlords of Draenor™ is the fifth expansion to 
Blizzard Entertainment’s acclaimed massively multiplayer online 
role-playing game, which takes players to an online world of myth, 
magic and limitless adventure. Create a unique avatar and embark 
on epic quests in the ever-changing land of Azeroth to unravel the 
continuing story of Warcraft. 


Warlords of Draenor sends players on a mythic journey to the savage realm 

of Draenor at a pivotal moment in history. As the Iron Horde a union of 

great orcclans tramples Draenor beneath terrifying war machines, 

Azeroth threatens to fall next. You must mount a desperate charge, 

fighting against and alongside Warcraft legends from across time. Lead the 

armies of one world against another... before the future itself is unmade. 
Boost a character to level 90 to charge straight into new content 
Unleash powerful abilities and embark on exciting new adventures 
Take command on Draenor by constructing your own mighty garrison 
Behold striking, redesigned character models 


Call upon friends and allies to battle alongside you 
ae , World of Warcraft: Warlords of Draenor is available online. 


www.warlords.com 


ADVERTISEMENT FEATURE 


NOVAFIDELITY X12 


HD Hi Fi music server with database, CD ripper, 
DAC, 60W amplifier and network streamer — the 
only Hi Fi you’ll ever need! 


e Load all your CDs onto the built-in hard drive storage of the 
X12 in many formats: FLAC, ALAC, WAV, MP3, Ogg including 
metadata, and album cover art. 

e Record your vinyl and cassette tape collections to the X12 in 
CD quality and edit the recorded file. Playback hi-res audio 
files at 24bit/192kHz. 

e Access streaming services and stream music to and from 
other compatible devices. 


www.sygnifi.co.uk/products/nova fidelity x12 


NOWVAFiDELITY Xi2 


Levomatic 


Levomatic™ is the next generation 

key holder. It cleverly stores up to 

five flathead household keys inside a 
compact, fashionable device. Levomatic™ 
is the modern, intelligent version of the 
traditional keyring and a perfect gift! 

Its smooth, slimline shape means it can 
be easily carried in a pocket and won’t 
damage any linings. See the full range 
and order yours at www.levomatic.com or 
call 0117 332 0125 for more information. 
Exclusive 10% off your purchase when 
you enter voucher code FCS14 (offer ends 
15 December 2014). 


www.levomatic.com 
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OF THE YEAR 


© James Woodend 


Astronomy Photographer 
of the Year: Collection 3 


Astronomy Photographer of the Year: Collection 3, published by 
Collins with the Royal Observatory, Greenwich, brings together all 

of the winning entries from this year’s stellar competition. The book 
is the perfect gift for all stargazers and anyone fascinated by the 
wondrous sky above, showcasing over 100 breathtaking images of 
space and the night sky, from the Horsehead Nebula to images visible 
from much closer to home. BBC Focus readers can buy Astronomy 
Photographer of the Year: Collection 3 at £17, saving 30% on the 

RRP exclusively at Waterstones.com until 19/12/2014. Simply use the 
discount code AS2014 at the online checkout. 


www.waterstones.com 


Collins 


iFit 
iFit Active is your constant companion. Wear it as 
a wristband, clip it on, or carry it in your pocket all 
day and night for a personal calorie counter, fitness 
tracker and motivator all in one. iFit Active is 

the only device that connects you to your fitness 
equipment. Set a target and if you do not reach it at 
the end of the day, a workout is waiting for you on 
your iFit compatible fitness equipment. iFit Active 
will be with you every step of the way, sending 

you alerts throughout the day to help you stay 
motivated and focused. iFit shows a Net Calories 
score based on the calories you consume minus 

the calories you burn, so you always know when 
youre in the right zone. Participate in some healthy 
competition with your family and friends while 
you cheer each other on, you can compare stats and 
activity to see where you match up. Keep the iFit 
Active with you day and night. Eat healthier. Move 
smarter. Sleep better. 


www.nordictrack.co.uk 


ADVERTISEMENT FEATURE 


Plinth 


Anyone who owns a tablet 
will love the Plinth 


This incredible accessory is only the size of an iPhone 4, and at only 50g 
slips easily into pocket or bag. Yet at the touch of a button it springs 
instantly into an amazingly stable stand - perfect for office, travel and 
around the home. 


Better still, the Plinth will safely hold any size of tablet or smartphone, 
and it works with any protective case or cover. It even holds books and 
notepads! 


At only £20, Plinth is the perfect stocking filler for anyone who uses their 
tablet on the go, and is available in either graphite grey or ice white from 
myplinth.co.uk. 


myplinth.co.uk 
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Sega Toys : 
Homestar Original 
Get 60,000 twinkling stars from: 
the skies to your ceiling 


Imagine enjoying a sky full of stars while sitting on your sofa. This 
dream Can become reality with the Homestar Original from Sega 
Toys. The high definition planetarium with-an ultra-bright 3W LED 
and rotating movement projects the night sky throughout the year. 
Two interchangeable discs contain the fixed stars of the northern 
hemisphere and will enable you to observe the night sky or a 

map of constellations. And with the integrated 

“shooting star” function, you can help your 

dreams come true even quicker. Projection 

angle and focus are adjustable. The handy pas 

timer turns off the planetarium 

automatically, letting you fall 

asleep while gazing at the stars. ° 


www.segatoys.eu 


AyeGear 


For the ultimate in connectivity, accessibility, mobility and security, 
the revolutionary new AyeGear® J 25 provides a stylish and versatile 
utility jacket for the seasoned gadget enthusiast. The AyeGear J 25 
incorporates 25 separate compartments designed to provide wearers 
with added security and accessibility to all their valuables, gadgets 
and travel essentials. At the heart of the AyeGear® range is the need 
to provide practical solutions to tech savvy travellers who wish to stay 
connected whilst on the move. Voted 10/10 by the Scottish Herald. 
£139.99 - £149.99. 


www.AyeGear.com yA\ {= 
m 


Triggertrap 


Triggertrap Mobile turns an iOS or Android 
smartphone into the world’s most flexible 
camera remote. This incredibly flexible tool 
taps into the powerful processing power built 
into your smartphone to add sound, vibration 
and facial recognition sensors to an SLR camera, 
in addition to a plethora of long exposure and 
timelapse modes. 


It’s the perfect gift for the photographer in your 
life. The apps are free to download, and the 
connection kit costs £22.99. All SLR cameras 
and most Mirrorless cameras are supported. 


See Triggertrap.com for more information. Use 
the code ‘Focus’ at checkout for an exclusive 5% 
discount at www.shop.triggertrap.com 


www.triggertrap.com 
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ProLite GB2488HSU-B1 

ProLite GB2488HSU is a real game changer, 
giving true hardcore gamers the competitive 
edge they need to make split second decisions. 
It features a response time of 1ms, which 
ensures fluid and accurate transition between 
the images, and it affects ghosting or smearing 
issues directly. Smooth and judder free graphics 
during fast paced games are guaranteed by the 
use of a high quality 144Hz panel. Ergonomic, 
height adjustable stand allows to adjust the 
screen position to your preferences easily. 


ProLite XB2779QS-W1 

Featuring WQHD (2560 x 1440) resolution, 
the XB2779Q$ can display almost 77% more 
information on the screen than a Full HD 
display. Users can create their own workspace 
by displaying and manipulating multiple 
applications at the same time. The AH IPS 
matrix guarantees high performance with 
accurate and consistent colour reproduction, 
wide viewing angles and a fast response time. 


An array of inputs including HDMI, DisplayPort, 


DVI and VGA connections ensures compatibility 
across a wide range of multimedia devices. 


ProLite T2236MSC-B1 

With its Full HD (1920x1080) resolution and 
accurate Projective Capacitive 10 point touch 
technology, the ProLite T2236MSC delivers 

a seamless and accurate touch response. 

The AMVA panel technology guarantees 

high performance with excellent colour 
reproduction and high contrast, making it an 
excellent choice for a vast array of demanding 
interactive applications. The flexible stand can 
be positioned at several angles, or laid flat on a 
surface, creating a comfortable and ergonomic 
user experience. 


www.iiyama.com 
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ProLite GB2488HSU-B1 
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ProLite XB2779QS-W1 
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XB277901S MIPS 


ProLite T2236MSC-B1 
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GAME OVER. 


DURACELL ULTRA POWER LAST UP 10 1Ox 
LONGER IN YOUR FURBY THAN LEADING 
ZINC BATTERIES* 


10x more Laughter. 10x more making up adventures. 10x more 
excited squeals. 10x more running about. 10x more playtime. 
Duracell Ultra Power is the battery that can keep up with 
your child’s imagination. 


*Based on Duracell Ultra Power AA vs Kodak ZnCl AA Panasonic ZnCl AA and Sony ZnC tested in Furby. 
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BLACKMORE GUNN MATTHEWS MITCHELL VILLAZON 
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[Q) JESSICA LYNCH, PRESTON 


Why do caterpillars make webs? 


EE SEVERAL MOTHS HAVE 

web spinning caterpillars, including the 
lackey moth, brown tail moth and small 
ermine moth. Instead of using 
camouflage to remain inconspicuous, 


these moths synchronise their 
development. The eggs all hatch at once 
and the caterpillars emerge in huge 
numbers. They form feeding colonies on 
a tree or hedge, and spin a silk canopy 


above their heads as they go. This makes 
it harder for birds and parasitic wasps to 
get to them. Webs of the bird cherry 
ermine moth (shown here) can cover 
entire trees in May and June. LV 
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is the number of Devil's Hole pupfish left in 
their Mojave Desert habitat. They are believed 
to be the rarest fish on Earth. 


(©) CHARLIE WALSH, READING 


Why do some people 
get more stressed 
than others? 


EY THEIR BRAINS AND hormones react 
differently. Stress causes the adrenal 
glands to release hormones, including 
adrenaline and cortisol (a corticosteroid). 
People vary in how their ADRA2B 
receptors react to adrenaline and in the 
response of their amygdala the brain 
area involved in emotional memory. 
People who get more stressed secrete 
more cortisol and stay aroused for longer 
after the stressful situation has ended. 

The stress hormones evolved to help 
animals cope with threats by increasing 
vigilance, reducing sensitivity to pain, 
releasing fat and sugar into the blood 
stream and preparing us in other ways to 
fight or flee from danger. But fighting and 
fleeing are not options in a modern 
workplace. So the hormones build up, 
unless we can take exercise or relieve the 
stress in other ways. Sadly, some people 
think being constantly stressed shows 
how important or hard working they are, 
which is an attitude that only makes 
things harder. sB 


Cortisol crystals: surprisingly beautiful when 
viewed through a microscope 
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Condition your hair 
regularly to have shiny 
locks like this tamarin 


(©) LORELY MASKELL, BY EMAIL 


Why, uniquely among primates, 
does our head hair keep growing? 


E OTHER PRIMATES HAVE long head 
hair too liontamarins,forexample the 
contrast is just more striking against our 
relatively hairless bodies. Long hair isn’t 

a universal trait either. The races that 
never left Africa have shorter, curlier hair. 
Exactly why the humans that migrated 

to colder climates evolved long hair is 

still debated. There seems to be a nearly 
universal male preference for women with 
long hair, perhaps because men lose their 


hair as they get older and so lengthy locks 
are associated with femininity and youth. 
One possibility is that in hot climates, 

the disadvantage of lots of head hair 
outweighed its sexual desirability, but as 
soon as our ancestors moved north, they 
were free to choose mates based on the 
appearance of their hair. It could also be 
that once we started wearing clothes, the 
head was the only thing that still needed 
long hair to keep it warm. LV 


(> ALEX ROUND, LONDON 


Habit or addiction - what's the difference? 


E} ALTHOUGH THE EXTREMES are 
different, there is considerable overlap. A 
habit is an action repeated so often that it 
becomes automatic, such as cleaning your 
teeth or making tea. The brain learns 

to treat the series of movements as one 
chunk and can complete them without 
further thought. Habits are rarely harmful 
and can be controlled or changed. An 
addiction, by contrast, controls you. 
Drugs, watching porn and other activities 
can all become addictive when the addict 
loses control of their cravings, often with 
terrible consequences. Many addictive 
drugs show increased tolerance, which 
means more is needed each time. This 
can be combined with withdrawal 
symptoms such as ‘cold turkey’ from 
heroin or ‘delirium tremens’ from alcohol, 
but this is not always the case. First time 


cannabis users often report no effect, and 
withdrawal symptoms are usually mild. 
Between the extremes are habits that are 
hard to break or mild addictions that do 
little harm. SB 


Ice in good 
whisky? 
Sacrilege! 


QUESTION OF THE MONTH 


Meteors look pretty, but do 
they make a noise as they 
streak through the sky? 


Q> HARRY MCCLURE, BARNSTAPLE 


Can you hear a meteor? 


ED) METEORS ARE ABLE to 
create sound waves. As they tear 
their way through the atmosphere 
they can create a sonic boom 

in the same way a fast moving 
aeroplane does. 

However, since meteors are 
generally 100km or more in 
altitude and sound travels much 
more slowly than light, such sonic 
booms would not be heard until 
many minutes after the meteor 
appeared to viewers on Earth. 
Furthermore, the sound may not 
be loud enough to be heard at 


all. Some people claim to have 
heard hissing or buzzing noises 
simultaneously with seeing a 
meteor. These may be caused 

by the very low frequency radio 
waves that are generated by 
meteors, which will arrive at the 
same time as the observer sees 
the meteor passing overhead. 

It has been demonstrated that 
these waves can cause things like 
glasses, plant foliage, pine needles 
and even hair to vibrate. This 
goes some way to explaining the 
hissing noises. AG 


ye 


(©) BILL HALL, NORTHAMPTON 


Why does wind blow 
in gusts and not at a 
Steady rate? 


EY WIND IS SIMPLY the flow of air 
from areas of high pressure to those of 
lower pressure, and obeys the same laws 
of physics as fluids. Wind is no more 
likely to flow steadily and smoothly over 
the Earth than water, and we experience 
the resulting changes in flow as gusts. RM 


The Focus team are 
unimpressed with their 
new office clock 


(oD KEVIN WARD, LEICESTER 


Why do you feel wasabi 
on your nose and chilli 
on your tongue? 


EE} THE ACTIVE INGREDIENT in chilli 
is capsaicin, which is a waxy substance 
that is solid at room temperature. It 
dissolves in fats but not water, so it tends 
to stay put, coating your tongue and 

the roof of your mouth. Wasabi, on the 
other hand, contains allyl isothiocyanate, 
which is a much lighter molecule with a 
freezing point below 100°C. Although 

it is still liquid at body temperature, it’s 
much more volatile and some of the allyl 
isothiocyanate will always evaporate and 
make its way up into your nasal 
passages. LV 


They both blow your 
head off, but in very 
different ways 
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TOP TEN 


BIGGEST OPTICAL-REFLECTING TELESCOPES 


BY APERTURE SIZE 


1. Gran Telescopio 
Canarias (GTC) 


Aperture size: 10.4m 
Location: Canary Islands 
Completed: 2008 


2. Keck | and Keck II 


Aperture size: 10m x 2 
Location: Mauna Kea, 
Hawaii, USA 

Completed: 1993 (|); 1996 (II) 


3= South African Large 
Telescope (SALT) 


Aperture size: 9.2m 
Location: South Africa 
Completed: 2005 


3= Hobby-Eberl 
Telescope (HET) 


Aperture size: 9.2m 
Location: Texas, USA 
Completed: 1997 


5. Large Binocular 
Telescope (LBT) 


Aperture size: 8.4m x 2 
Location: Arizona, USA 
Completed: 2004 


6= Very Large 
Telescope 
Aperture size: 8.2m x 4 


Location: Antofagasta, Chile 
Completed: 2001 


6= Subaru (JNLT) 


Aperture size: 8.2m 
Location: Mauna Kea, 
Hawaii, USA 
Completed: 1998 


8= Gemini North 


Aperture size: 8.1m 
Location: Mauna Kea, 
Hawaii, USA 
Completed: 1999 


8= Gemini South 


Aperture size: 8.1m 
Location: Cerro Pachon 
Coquimbo, Chile 
Completed: 2000 


10. Magellan 1 and 2 


Aperture size: 6.5m x 2 
Location: Las Campanas 
Coquimbo, Chile 

Completed: 2000 (1); 2002 (2) 
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Q> JOHN F FRENZEL, SAGINAW, US 


How can we protect against the effects 
of a huge solar stom? 


interfere wath communications 


E) EVERY FEW DAYS the Sun spews 
out huge bursts of particles and 
electromagnetic energy known as 
coronal mass ejections (CMEs). Most 
shoot harmlessly into space. But if 
directed at the Earth, the fast moving 
particles can smash into satellites, 
interfere with communications and 
damage ground based electronic 
devices. Major CMEs trigger violent 
changes in the Earth’s magnetic field, 
creating geomagnetically induced 
currents (GICs). These can surge 
through pipelines and high tension 
power cables, damaging transformers 
and triggering mass blackouts. CMEs 


() SAMUEL THOMPSON, MANCHESTER 


were responsible for the notorious 
Carrington Event of 1859, which 
blacked out telegraph systems in 
Europe and America. 

Efforts to minimise the effects of 
CMEs focus on early warning and 
damage limitation. Space based 
observations can spot CMEs a day or 
more before they strike. This allows 
power operators to take measures, 
while satellites can be re orientated to 
reduce the risk of damage. Some 
power networks are being fitted with 
GIC surge detectors these mop up 
the currents and protect transformers 
at key points in the electric grid. RM 


What's the best way to brush your teeth? 


ED A RECENT STUDY by Prof Aubrey 
Sheiham and colleagues at University 
College London found an “unacceptably 


inconsistent array of advice” from dental 


associations, dentists and toothbrush 
companies. Some dentists claim a 

side to side motion is fine, while others 
insist on different actions in different 
parts of the mouth. The most common 
advice is jiggling the brush back and 
forth. According to Sheiham, there’s no 


evidence any of these are better than just 


scrubbing. He recommends brushing 
from side to side, with the brush at a 

45 degree angle and held lightly. He 
suggests focusing on where plaque is 
most likely to collect, which is biting 
surfaces and where teeth meet gums. RM 


Brushing your teeth can be a confusing business 


(2) LORNA EVANS, ASHFORD 


How exactly is the accuracy of 
Wikipedia articles maintained? 


LE} ANYBODY CAN WRITE or edit 
Wikipedia articles. In August 2014, a 
YouGov poll concluded that Wikipedia is 
more trusted than the BBC. Specifically, 
64 per cent said they trust Wikipedia “a 
great deal” or “a fair amount”. The figure 
for BBC News was 61 per cent, and 13 
per cent for red top tabloid newspapers. 
Wikipedia has three core policies: 
neutral point of view, verifiability and 
data coming from published and reliable 
sources. An article’s revised section is 
displayed alongside the previous version 


so erroneous contributions are rooted out. 


Wikipedia’s writers and editors create 
watch lists and are alerted whenever an 
article in which they have some expertise 


KNOW THE ANSWER? 
Go to sciencefocus.com/qanda/what 
and submit your answer now! 


has been modified. Wikipedia also has 
a style manual to ensure control of 
language and layout. Gm 


WIKIPE pu 


Watch lists are valuable in raising the alarm when 
Wikipedia entries have been vandalised 


LAST MONTH’S ANSWER: 


nersmerkin on the Focus forum correctly guessed a 3D 
printed axis vertebrae for a patient's spine. 


Did you know? 


The biggest ever lasagne was made in 
June 2012. It weighed 4,865kg and 
was divided into 10,000 portions. 


| ee | 
(© ROBERTO KING, CHESTER 


ls the amount 
of matter in the 
Universe infinite? 


EY ONLY IF THE Universe itself is 
infinite. Whether it is or not depends on 
the average density of matter in the 
Universe. If the density of matter is less 
than the so called ‘critical density’, the 
Universe is infinite. If the density is 
greater than the critical density, then the 
Universe is finite. While the average 
density is not yet known, it appears to be 
annoyingly close to the critical density; so 
close that we cannot distinguish between 
the two possibilities. AG 


There’s a lot of 

matter out there, 

but is*it infinite? 
? oa 


() PETER CORBETT, FRINTON-ON-SEA 


Do we utilise all of our 
genes in our lifetime? 


LE} SOME GENES ARE permanently 
switched off. For example, males all have 
an X chromosome and yet the genes on 
this chromosome that code for female 
reproductive organs are inhibited early in 
foetal development. Females have two X 
chromosomes, but only one is active in any 
given cell. We have some genes that don’t 
get used because mutations have rendered 
them faulty. A 2012 study at the Wellcome 
Trust Sanger Institute found that we have 
an average of 100 broken genes each. LV 
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(©) BRIAN PERKINS, BY EMAIL 


ls a vacuum's suction 
linked to its power? 


E> THE EU IMPOSED import ban on 
vacuum cleaners rated 1.6kW prompted 
outrage, but is based on science. Electrical 
power is a poor measure of suction power 
(measured in air watts). Well designed 
700W appliances can be as effective as 
those needing more power. RM 
Low-power appliances 
don’t always suck... 


except vacuum 
cleaners 


(2) HANNAH THOMPSON, NORTHUMBERLAND 


How does a touch 
lamp work? 


EY) TOUCH SENSITIVE LAMPS rely on 
capacitance: in other words, a device’s 
ability to store charge. Most objects have 
capacitance. You can think of them as 
sponges that soak up electrons. When we 
touch the lamp, the total capacitance 
becomes that of us, and the device itself. 
A chip detects 
the lamp’s 
changed 
electrical 
properties anda 
part of the 
semiconductor 
acts like a gate 
that lets mains 


electricity 

through, 

illuminating the Touch-sensitive lights 
bulb. Gm are surprisingly smart 


2,443 


The height at which scientists have flown 
unmanned ‘octocopters’ to gather samples of 
the atmosphere above the South Atlantic. 
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Q@> MILLY FRANCIS, LONDON 


Are there some colours that 
humans cant perceive? 
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EX YES A POTENTIALLY infinite 
number. A colour is not the property of 
an object but the result of different 
wavelengths of light interacting with an 
animal’s eyes and brain. The number of 
colours an organism can see depends on 
this system. Most human eyes have 
three colour receptor types in the 
retina. The relative stimulation of these 
is compared and coded, and the 
information is then sent to the brain’s 
visual areas. About one in 12 men has 
only two receptor types and some have 


only one. So they see fewer colours. 
Very rarely, people have four and can 
see colours that others cannot. Indeed, 
everyone’s vision is slightly different. So 
the range of colours you take for 
granted may be unique to you. Some 
animals can see ultraviolet or infrared, 
while others have more receptor types 
than humans. The mantis shrimp has 12 
types but a far simpler system of 
analysis. Their world must appear 
totally different from ours in ways we 
cannot even imagine. SB 


(©) MEL ANDREWS, POOLE 


Can you train yourself to get by on little sleep? 


EY} YES, BUT YOU'LL be unhappy. 
Psychologists have long studied sleep 
deprivation by keeping people awake. A 
surprising finding was how well people 
cope after very little sleep. However, they 
lose concentration, make more mistakes 
and become grumpy and miserable. 
Occasional deprivation does little harm 
and we recover after a good night’s rest. 
But continued lack of sleep has long term 
effects including obesity, diabetes, heart 
disease and shortened life expectancy. 
The immune system is put under strain, 
hormone levels are compromised, sex 


Caused by 

tiredness or ae 
around with Ps 
Mike Tyson? > 


drive can fall and depression and anxiety 
are common. If you think you’ll get more 
work done or have more fun by sleeping 

less, think again. SB 
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FINGER VEIN AUTHENTICATION 


ALTHOUGH THEY REQUIRE the unique input of 
auser's finger, the security of current 
fingerprint scanners used in banks, airports 
and even personal computers is not flawless. 
With the right technical knowhow, expert 
forgeries of fingerprints can be created in 
order to fool security systems and access 
secure data and information. On a more 
gruesome note, current finger scanning 
technology doesn't necessarily require the 
appendage to be attached to the owner in 
order for a print to be matched. 


The company Hitachi hopes to solve these 
security flaws with its new VeinlD technology. 
Instead of scanning the user's fingerprint, this 
new device will instead recognise a vein 
pattern in the finger itself. Blood will need to 
be flowing through a presented finger in order 
for the device to identify the unique 
arrangement of blood vessels within. 

Vein recognition works by shining 
near-infrared light through a finger, which is 
partially absorbed by haemoglobin in the 
blood. A CCD (charge coupled device) camera 


Vi, 


then measures the intensity of the light that 
has travelled through the finger and converts 
it to an electrical signal, which is then used to 
produce a unique vein pattern image. This is 
cross-referenced with a database in order 
to find the identity of the user. 

The technology has been a massive 
success globally and is being used for 
financial security in places such as Japan, 
America and Europe. In the UK, Barclays 
hopes to make VeinlD available to its 
corporate banking clients from 2015. 


Near infrared LED 
lights are directed 
onto the finger 


The electrical signal from the CCD 
camera creates a vein pattern image, 
which is unique to each individual 
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ACCD camera measures the 
transmitted light and converts 
it to an electrical signal 
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Q) SYLVIA KENT, IRELAND 


Could the Phantom of the Opera survive with part of 
his brain exposed, as shown in the musical? 


ED No. ONE OF the most important — . Curia 
functions of the skin is to keep out bacteria. - substitute for a 
If the brain or any other internal organ is 


left exposed to the air, bacteria would cause 


covering of skin 


a fatal infection within days. But provided 
the skin can be closed around the wound, it 
is possible to survive with large chunks of 
your skull missing. In 2012, a 36 year old 
woman had a quarter of her skull removed 
to ease swelling in her brain after she fell 
and hit her head. Surgeons sewed the 
section of skull into her abdominal cavity to 
keep the bone tissue alive and left it there 
for 42 days until it was possible to reattach 
it. Congenital birth defects can also cause 
missing sections of skull under the skin. 
Children can sometimes live like this for 
more than 10 years, until they are old 
enough for corrective surgery. LV 
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Why is garlic so sticky When will fibre broadband be 
when you cut it? made redundant by wireless? 


EY FRESH GARLIC GETS its smell from Fibre broadband beats wireless with 
a chemical called allyl mercaptan. At one plenty of bandwidth 
end of this molecule there is a sulphur atom 
and a hydrogen atom, which together form 
a sulphydryl group. When two sulphydryl 
groups come together, they form a 
relatively strong bond, called a disulphide 
bridge. These bonds are what hold together 
the complex 3D structure of protein 
molecules. When you get allyl mercaptan 
on your fingers, the sulphydryl groups form 
disulphide bridges with the proteins in your 
skin. The stickiness is the resistance you 
feel when you try to break the bonds. Lv 


Stinky and sticky, 
but oh-so delicious Ah 
E} WIRELESS WILL NOT kill fibre. networks are comparatively expensive and 
Radio waves cannot reach underground energy intensive. The other limiting factor 
or penetrate rocky terrain. Neither can is frequency spectrum. There is only finite 
> / wireless channels match the bandwidth of space within the crowded radio channels 
Zz ; cable. In July 2014, researchers achieved that carry mobile broadband through the air. 
") 43 terabits per second over a fibre optic Fibres carry signals as light, far higher up the 
connection. Even experimental wireless electromagnetic spectrum than radio waves. 
networks have only achieved a fraction of Thus, a single strand of fibre has virtually 


that, at 0.1 terabits per second. Wireless infinite bandwidth. Gm 


WILLIAM CARTWRIGHT, BY EMAIL 


Is there a limit to the human population on Earth? 


ED IN 2002, HARVARD University 


sociobiologist Edward Wilson estimated 
that the amount of available arable land 


in the world would be enough to feed 
a maximum of 10 billion people. This 
assumed that they were all vegetarians. 


However, if everyone on the planet had 


the same eating habits as the average 
American, then there would need to be 
four Earths to support them. Drinking 


water may be more of a constraint since 


only 3 per cent of the Earth’s water is 


[> MATTHEW SNOWDON, BRISTOL 


Why don't moths fly 
towards the Sun? 


. 

Moths seem to 

be confused by 
artificial light 


A 


EY} MOST MOTHS ARE nocturnal, so 
during the day they keep still to avoid 
detection from predators. Moths don’t 

fly towards the Moon, either; the idea 
that moths are trying to navigate by the 
Moon has been disproved. Exactly why 
moths fly towards artificial lights still isn’t 
understood all we know is that artificial 
lights confuse them in some way. LV 


freshwater and most of that is locked 
in ice caps or other inaccessible places. 
In principle, these problems could be 
overcome. The Earth receives more 
energy from the Sun in an hour than 
humanity uses in a year. If we harnessed 
more of this energy, we could produce 
drinkable water from the sea and create 
food from bacteria or algae. 

But this assumes that our species 
will multiply indefinitely, and that isn’t 
borne out by current trends. According 


() PETER ALEXANDER, ALTRINCHAM 


Are there rainbows 
on other planets? 


EL) THE INGREDIENTS REQUIRED to 
make a rainbow are sunlight and 
raindrops. Currently, there is no other 
planet known to have liquid water on its 
surface or in sufficient quantities in the 
atmosphere to make rain. However, other 
liquid droplets could refract sunlight and 
spread it out into its component colours, 
just as water droplets do on Earth. On 
Saturn’s moon Titan, for example, the 
atmosphere is rich in liquid methane 
droplets that almost certainly form rain. 
Titan’s atmosphere is extremely hazy, 
meaning that direct sunlight is probably 
uncommon, but there is still a chance that 
methane rainbows could form. If they do 
exist, they would look very similar to 
terrestrial rainbows, but would be 
somewhat broader due to the different 
refractive index of methane compared to 
water. Another similar phenomenon, 


to the United Nations Population 
Division, the rate of growth of the 
human population has been falling 
since 1963. As countries become more 
industrialised and infant mortality rates 
fall, the birth rates seem to drop as well. 
By 2050, the population is predicted to 
stabilise at between 8 and 10.5 billion 
and it may even decline after that. The 
limit to human population may be our 
own desire to reproduce, rather than the 
Earth’s capacity to support us. LV 


The human population is 
expanding, but it won't 
necessarily continue to 
do so indefinitely 


The beautiful ‘glory’ 
of the planet Venus 


called a ‘glory’, occurs on Venus and is 
caused by droplets of sulphuric acid that 
are present in the planet’s atmosphere. AG 


NEXT MONTH Over 20 more 
of your questions answered 


For even more answers to the most puzzling 
A) questions, see the Q&A archive at 
www.sciencefocus.com/qanda 
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Physics—Made Clear 


Physics is the fundamental science. It explains how the universe behaves 
and gives us an extraordinary power over our world. Which makes 
physics sound like the most complicated subject there is. But it isn’t. 

In fact, physics is so simple that anyone with a willingness to learn can 
grasp its unlimited wonders. 


In 60 enthralling lectures, Physics and Our Universe: How It All 

Works proves that case, giving you a robust introduction to physics 
using nothing more advanced than secondary school algebra. Noted 
physicist and Professor Richard Wolfson’s lectures 
illustrated with diagrams, animations, graphs, and other engaging 


intensively 


visual aids introduce you to scores of fundamental ideas related 


to Newtonian mechanics, oscillations and waves, thermodynamics, 
electricity and magnetism, optics, quantum theory, and more. 


Offer expires 13/12/14 
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0800 298 9796 


LECTURE TITLES 
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The Fundamental Science 
Languages of Physics 
Describing Motion 

Falling Freely 

It’s a 3 D World! 

Going in Circles 

Causes of Motion 


Using Newton’s 
Laws 1D Motion 


Action and Reaction 


Newton’s Laws in 2 
and 3 Dimensions 


Work and Energy 


Using Energy 
Conservation 


Gravity 

Systems of Particles 
Rotational Motion 
Keeping Still 


Back and Forth 
Oscillatory Motion 


Making Waves 


Fluid Statics 
The Tip of the Iceberg 


. Fluid Dynamics 

. Heat and Temperature 
. Heat Transfer 

. Matter and Heat 

. The Ideal Gas 

. Heat and Work 

. Entropy The Second 


Law of Thermodynamics 


. Consequences of 


the Second Law 


. A Charged World 
. The Electric Field 


30. 
. Electric Energy 


Electric Potential 


. Electric Current 

. Electric Circuits 

. Magnetism 

. The Origin of Magnetism 

. Electromagnetic Induction 
. Applications of 


Electromagnetic Induction 


. Magnetic Energy 

. AC/DC 

. Electromagnetic Waves 
. Reflection and Refraction 
. Imaging 

. Wave Optics 

. Cracks in the 


Classical Picture 


. Earth, Ether, Light 
. Special Relativity 
. Time and Space 

. Space Time and 


Mass Energy 


. General Relativity 
. Introducing the Quantum 


51. Atomic Quandaries 


. Wave or Particle? 

. Quantum Mechanics 

. Atoms 

. Molecules and Solids 

. The Atomic Nucleus 

. Energy from the Nucleus 
. The Particle Zoo 

. An Evolving Universe 

. Humble Physics 
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Is your brain 
AvW\My feeling the strain? 
What if you could 
pop on a headset 
that would help 
boost your mental 
WV performance? - 
Christian Jarrett 
investigates some 
gadgets that claim 
to do just that... 
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OU’RE SHOPPING ON the high street. 
After passing the optician and the 
pharmacy, you reach the brain 
stimulation store with its headbands and 
skullcaps. They are designed to boost 
your mental performance or alter your 
mood by manipulating the activity of your brain. 
Sounds far fetched, doesn’t it? In fact, the 
technology is already here and available to buy 
but does it really work and is it safe? 

An online company called Foc.us [no connection 
to this magazine] offers a brain stimulation device, 
available in black or red for £179, that promises to 
“overclock your brain” and “make your synapses 
fire faster.” At a more experimental stage, there is 
the Halo headband. The San Francisco start up 
company behind the Halo claims it will elevate 
your cognitive performance via neuromodulation. 
Meanwhile, the Boost app from NeuroSky works 
together with the MindWave mobile headset 
(available from Amazon) to “increase the frequency 
of electrical oscillations in your brain, improving 
short term memory, attention and alertness.” 


The Foc.us and Halo devices use weak electrical 
stimulation to either increase or decrease neuronal 
activity in the brain near where the electrodes are 
placed on the head. This is known as transcranial 
direct current stimulation (tDCS). 

The claims made by the companies touting these 
devices are rather vague. They refer to increasing 
your brain’s plasticity and enhancing your mental 
performance. This may sound like neuro bunk, but 
there is peer reviewed evidence suggesting that 
tDCS is associated with mental enhancements in 
healthy participants, the precise nature of which 
varies according to the site of stimulation. 

Researchers have shown that zapping the brain 
with tDCS can improve memory, language learning, 
problem solving, visuo spatial processing (such as 
the ability to detect targets on a computer screen) 
and even some social skills. Nonetheless, sceptics 
argue that few of these studies have controlled 
sufficiently for placebo effects. 

The NeuroSky headset and app are based on 
different technology. Devices like this record the 
waves of electrical activity that are emitted by your 
brain. They then feed this information back to you 
together with certain sounds and visuals. The idea 
is that you can then learn to control the frequency 
of your brainwaves, and in particular increase the 
amount of waves that you generate in the so called 
alpha range (8 to 10Hz). 


THEN EUROSGIENCRBENINOAIES 


lf you apply an electrical current through the scalp and into the brain 
you can potentially give your mental agility a jump start 


Most tDCS devices feature two 
electrodes an anode and a cathode 
that deliver mild electrical currents 
through the scalp and into the brain. 

Applying stimulation through the 
anode is thought to increase the 
excitability of neurones (brain cells), 
while cathodal stimulation has the 
opposite effect. It is believed that 


tDCS alters the baseline levels the effects. 


of activity of neurones, so that 
they are more or less likely to fire. 
It's also thought to change how 
neurones behave at synapses. 
Synapses are the gaps over which 
neurones communicate with each 
other. Activities you do after brain 
stimulation even going for a walk 
can potentially reduce or reverse 


The tDCS devices have 
an anode and a cathode 
that pass electrical 
current through the brain 


Current 


| Cathode 


NeuroSky claims that increasing your alpha 
brainwaves is associated with a range of cognitive 
benefits, especially enhanced short term memory. 
The evidence here is contentious. Many studies that 
are fully randomised and placebo controlled have 
failed to observe any benefits from alpha training. 
Sceptics say using devices like this amounts to little 
more than a form of technology assisted relaxation. 

The only things at risk from the NeuroSky 
feedback device are likely to be your wallet and 
your schedule. Interestingly, the simple act of 
closing your eyes is known to increase brainwaves 
in the alpha range, so this is not a dangerous effect. 

The situation with tDCS and devices like the 
Foc.us headset is more complicated. While there 


Right: Professor Marom Bikson 
researching transcranial 
direct current stimulation 
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have been no documented cases of serious adverse 
effects in over 100 studies, experts have issued a 
number of warnings about the possible risks of the 
technology. This includes the fact that the optimal 
dose of electricity is different from person to 
person. When using a device at home, there’s no 
way for you to know how much power you'll need. 
Even the amount of hair on your head can interfere 
with the dose. Another factor is that the long term 
effects are unknown. Besides the risk of headaches 
or scalp burns, at least two studies have shown that 
by enhancing mental agility in one domain, you also 
impair performance in another. 

Based on these uncertainties, experts have begun 
to ramp up their cautionary rhetoric. Dr Nick Davis, 
a neuroscientist at Swansea University, published a 
paper arguing that tDCS shouldn’t be referred to as 
anon invasive technology. “Any technique which 
directly affects brain tissue to generate such 
powerful, acute and long lasting effects should be 
treated with the same respect as any surgical 
technique,” he and his colleagues wrote. 


Brain stimulation devices top to 
bottom: NeuroSky, SpringTMS 
and foc.us 

Above right: SpringTMS 


Others have likened the risks of tDCS to those 
associated with pharmaceutical drugs. “Meddling 
with the tDCS dose is potentially as dangerous as 
tampering with a drug’s chemical composition,” 
wrote Prof Marom Bikson at the City University of 
New York. Other concerns are more ethical and 
philosophical. By using a brain stimulation device 
to alter your social skills, are you changing your 
identity or personality? If we can use these gadgets 
to boost our mood at will, might we lose our drive 
to fight injustice? Could we become addicted? 

Lastly, some have raised the spectre of unwanted 
brain stimulation. Choosing to enhance our brains 
with a headset is one thing, but what if such 
interventions were eventually imposed on 
criminals to correct their immorality, or made 
compulsory for pupils struggling at school? 


OTHER TECHNOLOGIES 


Transcranial direct current stimulation and alpha 
based neurofeedback are not the only tricks in town 


when it comes to real life thinking caps. Another 
technology that shows promise is known as 
transcranial magnetic stimulation (TMS), in which 
a magnetic field is used to alter neuronal function. 
Although it’s more expensive and less portable, 
TMS liketDCS has been reported to have a 
number of positive effects, especially as a potential 
treatment for depression and chronic pain. One 
study even claimed that TMS can unlock hidden 
savant like skills in all of us, such as the ability to 
count a large array of objects in an instant. 

However, the evidence base is preliminary. UK 
health advisory body NICE says that, for now, TMS 
should only be used in depression research and not 
as a clinical tool. In relation to pain management, it 
warns that any benefits are likely to be modest and 
that more research is needed. But this hasn’t 
stopped at least one commercial handheld device 
from appearing on the market. 

The SpringTMS system is produced by 
Californian company eNeura, and is touted as “the 


DINEB RAINS TIMULATION 


Some brain enthusiasts are taking matters into their own hands by 
making their own stimulation devices. But are they safe? 


IT’S NOT THAT complicated to create 
your own tDCS device, and there are 
plenty of videos online to show you 
how it's done. Perhaps it's little wonder 
that a community of DIY brain-zapping 
enthusiasts has developed. 

For example, there's an online 
subreddit of over 6,600 members 
who share tips and articles with each 
other about the technology. One 
article worries about foc.us, noting 
with alarm that they've been out of 


Would you attach one of these to your head? 


stock of headsets for some time. 

Part of the reason there is so much 
enthusiasm is that media reports 

are biased. After analysing press 
coverage of tDCS since 2006, a group 
of Canadian neuroscientists found that 
most reports focused on the benefits 


of brain stimulation without noting the 
potential drawbacks. The team called 
for more balanced reporting on brain 
stimulation. Indeed, experts warn that 
the science behind brain stimulation is 
still immature, and long-term effects of 
its use are unknown. 


Pictured is a simple 
diagram for a 
homemade tDCS 
device. Building the 
circuitry is quite 
simple, but safely 
applying it is a little 
more complex 


only non drug therapy clinically proven to 
effectively stop or reduce migraine at the first sign 
of pain.” It’s revealing to note that the small print 
on the company’s website states that in the US the 
device is only licensed for investigational use. 
Finally, there is one other real life thinking cap 
that deserves a mention. Although widely derided, 
neuroscientist Michael Persinger claims his God 
Helmet can help wearers achieve union with the 
Almighty. Like TMS, it delivers magnetic fields to 
the brain, but they are far weaker and of a different 


kind. In fact, psychologist Craig Aaen Stockdale 
has pointed out that the magnet on your fridge is 
5,000 times stronger than the God Helmet. Perhaps 
it’s no surprise that a study by Swedish researchers 
found no evidence that a device similar to 
Persinger’s invention was able to help wearers have 
any kind of enhanced religious experience. For his 
part, Persinger said the Swedish device obviously 
wasn’t working properly. 


Although the commercial release of brain 
stimulation devices is arguably a little premature, 
it’s almost inevitable that their use is going to 
become more widespread in the coming years. 
Looking ahead, there are likely to be both clinical 
applications of these devices and lifestyle or 
performance enhancing products. 

In a clinical context, researchers are busy 
conducting more robust, controlled trials to 
establish exactly what kind of applications are 
genuinely effective, and how best to apply the 
technology safely. However, when it comes to brain 
stimulation in sport and education, the home and 
the workplace, the outlook is far more 
unpredictable. There will undoubtedly be plenty 
more commercial hype about the technology’s 
benefits, and it will be difficult to control how 
people choose to use it. 

Whether used as a clinical tool or to boost 
healthy performance, it’s worth remembering that 
the brain stimulation devices of today or tomorrow 
are unlikely to offer a quick fix. It’s better to see 
these thinking caps as offering a technological tail 
wind, giving a fillip to our own hard work, whether 
that be in the context of studying, sports practice or 
rehabilitation from illness. 
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The add-on that could 
make driverless cars 
affordable 
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RIVERLESS CARS 
have come a long 
way. Back in 2004, 
DARPA the US 
Army’s advanced technology 
unit challenged the world to 
build a driverless car that 
could take on its test track. The 
best managed 12km (7.3 miles) 
before getting stuck on a rock. 
Google has thankfully 
improved things a bit, >) 


taking us to a point where 
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WHAT'S HOT 
SOLARBOX 


Mobiles have pushed big red 
phone boxes to the edge 

of extinction, but a new 
company called Solarbox 
hopes to give them a new 
lease of life. A phone box at 
London's Tottenham Court 
Road has been given a lick of 
green paint by the company 
and turned into a solar 
powered phone charging 
point to let people give their 
mobile a quick boost. 


ILLUSTRATOR DEM ILLUSTRATION 


Velodyne’s Puck (far right) is much 
smaller than other LiDAR sensors 


=> in 2011 driverless cars were deemed 
legal on Nevada roads. As of April 
this year, Google’s fleet of self driving 
cars have put more than 1.1 million 
kilometres (700,000 miles) on the clock. 

The premise is simple, even if the 
execution hasn’t been. A blend of sensors 
informs the car what surrounds it; the 
vehicle then analyses the data and drives 
itself accordingly. 

A key sensor technology from the very 
beginning has been LiDAR. These 
scanners measure the environment by 
bouncing lasers off it. Velodyne is the 
company that provides Google’s cars with 
roof mounted 360 degree LiDAR 
scanners that map out their surroundings. 

Typically, these cost $70,000 $80,000 
(roughly £43,400 £49,600) and pack 64 
individual lasers that gather 1.3 million 
data points every second. They’re 
approximately the size of a kitchen 
blender, and look about as cool strapped 
to the roof of your car. 

Now Velodyne has created the Puck, a 
16 laser baby version of its LiDAR 
scanner. The Puck costs a tenth as much 
as Google’s kit, coming in at $8,000 (about 
£5,000). So, is this the device that could 
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put autonomous technology into cars 
right from the production line? 

“Engineers always want higher 
definition. But they wanted it smaller, too, 
so this is our answer,” explains Wolfgang 
Juchmann, Velodyne’s sales and 
marketing director. 

It must be said that no car can drive by 
LiDAR alone. Radar is a must for 
accurately measuring the speed of other 
vehicles, while visual cameras are needed 
to interpret signals such as traffic lights. 
However, many high end cars already 
have these features. 

To address some of the obvious safety 
concerns: it returns ample data for a 
high resolution picture, at 300,000 data 
points per second. Multiple LIDAR 
equipped cars won’t confuse each other 
with their laser pulses, and it isn’t baffled 
by snow, fog or rain. As Juchmann says, 
“A rule of thumb is that it is twice as good 
at seeing as the human eye. If the weather 
is that bad, should you be driving at all?” 

The driverless revolution is coming, 
and Puck could make it more affordable. 


| 
CHRIS HALL is deputy editor of QP magazine 


CLOUD SERVICES 


Dropbox, iCloud and Snapchat 
have denied being hacked, 
but all three have seen 
passwords, pictures or 
videos leaked in the last few 
months. The problem seems 
to be issues with third party 
services and users choosing 
weak passwords. All in all, 
it's probably a good time to 
whip out that old hard drive 
and think twice before using 
the Cloud. 


READER POLL 


Do you use cloud storage to back up your files? 


44% 
Yes, it’s 
convenient 
56% 
No, | don't 
trust it 


THE NEXT BIG THING 


SMART TOYS 


HE DESIRE TO 
create interactive 
toys goes back 
centuries. But the 
technologies that power 
our smartphones are about 
to transform toymaking, 
thanks to powerful 
computers, efficient 
sensors and network 
connectivity. 

Since the 1980s there 
have been computers in 
toys, such as Speak & Spell 
and Teddy Ruxpin. As far 
back as 1997 Microsoft 
offered an ActiMates doll in 
the shape of a Barney the 
dinosaur that moved, spoke 
and interacted with users. 
Inside were motors and 
gears, pressure and light 
sensors, a speaker and a 
microprocessor with 
speech synthesiser. Barney 
came with an infrared 
sensor that let it respond to 
signals from a television or 
PC, so that it could react to 
a range of situations and 
engage with kids. It was 
well implemented for the 
time, but the later 
Teletubbies ActiMates 
didn’t sell well enough to 
justify continued 
development and the 
anticipated avalanche of 
smart toys failed to 
materialise. This was 
probably because the 
hardware at the time just 
wasn’t that powerful: 
Barney had a very limited 
repertoire, and contained 
expensive electronics that 
didn’t cope with rough play. 

Things have changed a 
lot in two decades, 
however, and the sort of 
processing power and 
sensor systems that a toy 
like Barney needs now 
come in a very compact 


package we use them 
daily in our smartphones. 
They even have access to 
cloud computing services. 

For example, Cayla is a 
speaking doll that syncs 
with a smartphone and can 
answer questions by using 
Google voice recognition to 
search the web for replies. 
There is also the Anki Drive 
racing system that uses 
your mobile phone as a 
controller and in game 
artificial intelligence to let 
you pitch your car against a 
computer controlled 
vehicle. Nintendo is leading 
the way inusing NFC_ the 
near field communications 
used in payment cards to 
link figurines to gameplay. 
Buy an ‘amiibo’ and the 
NFC reader in your Wii U 
will let you unlock Super 
Smash Bros. gameplay on 
the console, as well as 


imaginative possibilities in 
the real world. Just as some 
toys offer preparation for 
adult life, NFC figurines 
could be seen as 
preparation for life among 
the Internet of Things. 
What we’ve seen is only 
the start. Imagine a toy that 
could pick up on context 
and cues from your home 
network in order to follow 
a child’s conversation and 
references, like characters 
from Toy Story, coming 
alive when your child is 
alone with them. They may 
not be under the tree this 
Christmas, but could be 
next year or the year after. 


BILL 
THOMPSON 
contributes to 
news.bbc.co.uk 
and the BBC 
World Service 


This security system features 
an HD video camera plus 
temperature and humidity 
sensors. It learns your habits 
and warns you if anything odd 
happens. Canary.is 


+ Google Nexus Player 

Google’s set top box includes voice control 
and Google Cast so you can mirror phone 
apps on your TV. Google.com/nexus/player 


+ TrackR 

Attach these Bluetooth tags to valuables and 
the TrackR app logs the last location they had 
aconnection to your phone. Thetrackr.com 


TESLA MODEL D 


Elon Musk, the founder of Tesla, owned a 
McLaren F1 and wanted to see if his electric 
motor could match the iconic supercar’s 
performance. The result is a 

four wheel drive version 
of the Tesla Model S 
with two motors 
that take it from 

0 60mph in 3.2s. 
Teslamotors.com 


+ Blackphone 

The makers of the world’s most secure 
smartphone have said they have a tablet 
device in the works. Blackphone.ch 


+ Puls 

Pop star turned technology entrepreneur 
will.i.am is launching a smartwatch that can 
also be used as a phone. Will.i.am 


> 9 MONTHS © 
BLOCKS SMARTWATCH 


This modular smartwatch can be 
custom built from the ground up. 
Do you want a fitness tracker, 

or a digital assistant? A round or 
square face? This could be the 
perfect watch. Chooseblocks.com 


+ PlexiDrone 

This compact drone is aimed at photographers. 
It can be taken apart and packed away into 
asmall case and is capable of carrying a 
Bublcam - a camera with a 360° field of view. 
Plexidrone.com 


+ Google Ara 

2015 may see the world’s first modular 
smartphone that can be put together from 
individual components. Projectara.com 
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BLACKBERRY PASSPORT, 
UK.BLACKBERRY.COM, £530 


What is it? 

It's a smartphone with a square 
screen that's the same size as an 
actual passport. It's aimed at 
‘serious business professionals’, 
the kind of person who spends 
the morning commute putting the 
finishing touches to spreadsheets 
instead of playing Candy Crush 
Saga. There's a physical keyboard 
with an extra virtual, on-screen 
row that changes depending on 
what's on the display, and a set of 
speakers that helps conference 
calls come out loud and clear. 

It might be mostly a workhorse, 
but it still has some fun features 
like a 18-megapixel camera, and it 
has a battery big enough to keep 
going for two days. 
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Why would | want one? 
The Passport gives you extra 
screen width to get a better view 
of emails and documents and 
should be more reading-friendly. 
Also, touchscreen keyboards are 
not for everyone, and BlackBerry 
claims you'll make fewer typing 
mistakes on its physical and 
capacitive keyboard mash-up. 
The Passport runs on 
BlackBerry’s latest OS, which now 
includes a virtual butler called the 
BlackBerry Assistant and Android 
app support via Amazon Appstore. 
There aren't as many apps as on 
Google Play, but if you want more 
you can ‘sideload’ them onto the 
Passport via a Google Chrome 
extension. It's a bit more fiddly, 


JUST LANDED: 
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The Passport has an unusual shape and an 


innovative keyboard, but is it enough? 


but it will let you use apps that 
BlackBerry App World and 
Amazon Appstore don't have. 


How useful is it? 

Not very, once you realise you 
can't use it in one hand. The 
Passport is heavier than most 
smartphones, and the keys are a 
strain to reach. Switching 
between physical keys and the 
virtual ones above never gets 
easy, and you'll struggle to get 
texts and emails out as quickly 
as you want to. It's great that 
there's Android support, but 
most apps aren't optimised for 
the Passport and you can't 
access useful Google apps like 
Google Drive or Google Now. 


On the plus side, the display is 
nice and sharp, and the battery 
certainly goes the distance. 


Should | buy one? 

Probably not. You can work just 
as well on much less bulky 
phones, and while keyboards 
used to be BlackBerry’s strong 
point, they've made a real mess of 
this one. BlackBerry says the 
Passport helps you “work wide”, 
but it seems to have forgotten that 
working on a phone needs to be 
comfortable and sadly, that's not 
the case with the Passport. m 


MIKE SAWH is reviews editor 
at trustedreviews.com 


Yb LEATHERMAN’ 


Leave nothing undone.” 


ONE HANDED.. 
EVERYTHING 


_ -OHT 


100% OPERABLE WITH ONE HAND - 
INTEGRATED LANYARD ATTACHMENTS - 
STAINGESS STEED PODY 6 Tecers— 
25-YEAR WARRANTY 


Whitby&Co STS 
Y T: 01539 721032 +E: sales@whitbyandco.co.uk 


FOR LIFE’S ADVENTURES Visit: www.whitbyandco.co.uk/leatherman 


APPLIANCES OF SCIENCE 
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CHRISTMAS 
SPECIAL 


Build this 1:144 scale model of Virgin Galactic's vehicle for 
space tourists in anticipation of its long delayed first flight. 


Revell SpaceShipTwo and WhiteKnightTwo 
£22.99, revell.com 


FOR BUDDING ASTRONAUTS 
This is the very duvet that Buzz Aldrin 
tucks himself under at night (we 
imagine). It's based on a genuine NASA 
sample that was lent to the designer. 


Astronaut duvet and pillow set 
£55, sciencemuseumshop.co.uk 
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FOR TECH ADDICTS 
Free yourself from the 
tangle of wires that lurks 
in every home. This army 
knife inspired charger can 
juice up three devices at 
once from one USB port. 


Brunton Power Knife 
$24.99, brunton.com 


FOR SURVIVALISTS 


Unlike gremlins, this torch 
is supposed to get wet: 
the batteries are activated 
when it comes into contact 
with water. As long as it’s 
topped up with a splash of 
H20 once a day, the light 
lasts for up to 72 hours. 


Eton Blackout Buddy H2O 
$9.99, etoncorp.com 


FOR DINOSAUR FANS 
Celebrate Tyrannosaurus 
rex’s bite (equivalent to 
an elephant sitting on 
you) by sporting this 
stylish black T shirt. 

T. rex T-shirt 

£12, nhmshop.co.uk 


FOR REFINED RAMBLERS 

As the wood burns in this stove, it charges 
a battery, which then powers a light for 
cooking in the dark and a fan that stokes the 
fire. You can even plug in your smartphone 
and charge that up, too. 


BioLite BaseCamp stove 
£360, biolitestove.com 


FOR ROBOT LOVERS 

At top speed, this can sized two wheeler 
hurtles along at 22.5km/h (14mph). It's 
controlled via a smartphone app that lets 
you pull off all manner of flips and spins. If 
it's anything like its predecessor, the Sphero, 
it'll also get app updates in the future that will 
add new features and games. 


Ollie 
£79.99, gosphero.com 


TT 


FOR FOODIES 

Be a mad scientist in the kitchen with the Test Tube 
Spice Rack. Five glass tubes with silicone stoppers will 
keep your herbs and spices fresh. 


Test tube spice rack 
£20, sciencemuseumshop.co.uk 


FOR GAMERS 


Aboard game for 2 4 
players, in which you 
help other scientists 
prevent deadly diseases 
wiping out humanity. 
Christmas cheer for all. 


Pandemic 
£29.99 


FOR THE GREEN-FINGERED 


This fully automated terrarium 
creates a tiny rainforest in your 
home. Its lights mimic a 24 hour 
sunlight cycle, a mister keeps things 
moist, and a filter recycles the air. 


BiOrbAir 
£399, biorb.co.uk 


FOR COCKTAIL LOVERS 

This precision flask makes cocktail mixing foolproof. It's 
supplied with a “chemist’s note book" of recipes to get 
the inspiration flowing. 


The Shaken Chemist Cocktail Kit 
£19.99, firebox.com 


FOR THE PERSON WHO HAS EVERYTHING 

Daily commute getting you down? Why not strap a giant 
fan to your back and soar above the plebs walking to 
work? Okay, so this might not be a suitable substitute for 
the 8.15 train, but the Paramotor is one of the easiest and 
cheapest ways of flying solo. 


Bear Grylls Paramotor 
from £11,397, parajet.com 


FOR TEA DRINKERS 

Medical students can bone up on their anatomy while 
sipping from this annotated mug (made of bone 
china, natch). 


Human body mug 
£18, nhmshop.co.uk 
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ALSO AVAILABLE FOR NOTEBOOKS, TABLETS, AND WALLETS 


SS ULTIMATE TEST 


TABLET TEST 


Fancy finding a tablet in 
your Christmas stocking? 
Joe Minihane checks 

out your options 


THE END OF the laptop is nigh. 
Sony has sold off its iconic 
Vaio brand and Samsung has 
announced plans to stop selling 
its portable PCs in Europe. 
Windows is no longer a PC-only 
affair. The reason? Tablets. 
Gartner analysts reckon 2015 
will see slates outsell laptops 
and desktops for the first time. 
But tablets aren't all the same. 
Here are the best ones to buy, 
whether you're a workaholic, 
gamer, traveller or on a budget. 
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PHOTO THESECRETSTUDIO NET 


MICROSOFT 


SURFACE PRO 3 


from £639.99 


MICROSOFT RECKONS THE 
Surface Pro 3 is “better than your 
laptop, better than your tablet”. 
Marketing flim-flam aside, that’s 
because this is really a bit of both. 
The 12 inch screen is huge 
compared to the likes of the iPad 
Air, but its high resolution makes it 
great for watching Netflix while 
the kids colonise the TV. Its lack of 
BBC iPlayer and Sky Go apps is a 
pain, although you can access 
these services via the web. 

But really the Surface Pro 3 is 
all about productivity. Yes, you 
need to pay extra to access 
Microsoft Office, but once you do, 
this becomes the ultimate work 
tool. You can tweak spreadsheets 


Screen: 12 inches 

Weight: 800g 

RAM: from 4GB 

Processor: 4th Gen Intel Core, 1.9GHz 
Battery life: Up to 9 hours of web browsing 


and presentations using the 
stylus, which is more precise 
than podgy digits when it comes 
to crunching numbers. 

And if you snag the excellent 
Type Cover, the Surface Pro 3 
flips out into a proper laptop, 
meaning you can bash out emails 
and reports before folding the 
whole thing away into your 
backpack. What's more, the 
upcoming Windows 10 update 
will introduce one store for apps 
across all Microsoft kit, including 
phones, tablets and the Xbox. 

Cost is anissue the Type 
Cover alone comes with a £110 
price tag but the Surface Pro 3 
really does hit a sweet spot. 


APPLE IPAD MINI 2 


WITH RETINA DISPLAY (WI-FI AND 46) 


from £239 


STEVE JOBS ONCE described 
seven inch tablets as “tweeners”. 
The late Apple CEO said smaller 
tablets were “dead on arrival” and 
couldn't compete with the more 
fulsome iPad. Admittedly the iPad 
Mini's display is a slightly more 
capacious 7.9 inches, but this 
trimmed-down Apple tablet is 
unquestionably its best. 

Its size makes it the perfect 
travel tool: small enough to slip 
into hand luggage without 
weighing you down, large enough 
that you can whip it out and watch 
afilm mid flight without having to 
squint at the screen. The slick 
Retina Display really comes into 
its own here. 


Screen: 7.9 inches 

Weight: 331g (Wi-Fi only model) 

RAM: 1GB 

Processor: Apple A/, 1.3GHz 

Battery life: Up to 10 hours of web browsing 


Of course, there are plenty of 
similar sized alternatives. But 
what makes the iPad Mini stand 
out is the sheer breadth of apps 
available, plus its sharp design. 
iPlayer is a must for anyone who 
wants more than the smattering 
of second rate sequels which 
pass for in flight entertainment. 

Use Newsstand for travel mags 
and iBooks to buy guides and 
books that would otherwise take 
up valuable luggage space. And 
remember you can get Google 
apps for iPad, too. The search 
giant's translation tools and maps 
are great additions, especially 
now that roaming fees across 
Europe are plummeting. 
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NVIDIA 


SHIELD 


from £239.99 


CHIP-MAKER NVIDIA has plenty of 
gaming nous and its GeForce 
graphics power the best gaming 
PCs out there. So it's no surprise 
that the super powered Shield 
tablet is a cut above the rest when 
it comes to playing the latest titles. 
Its speedy K1 chip is what sets 
it apart from bog-standard slates. 
This lightning-fast processor can 
handle the kind of graphical 
trickery usually reserved for the 
very best PCs, meaning that 
games look absolutely fantastic 
from the minute you fire them up. 
For the best results, you'll need 
to find extra cash for a £50 Shield 
controller, or get one as part of a 
bundle. This allows you to utilise 


Screen: 8 inches 

Weight: 390g 

RAM: 2GB 

Processor: NVIDIA Tegra K1, 2.2GHz, Quad-core 
Battery life: Up to 10 hours of web browsing (5 hours of gaming) 


the entire screen while gaming, 
which is a must if you're using 
NVIDIA's Gamestream service to 
pull games from your PC to your 
tablet. The latter is a tricky 
proposition if you don't have a 
truly stable network connection, 
so it's best to stick to streaming 
in your home rather than over a 
4G connection. 

What is far more exciting is the 
ability to use the NVIDIA Shield 
device with your television via 
HDMI. Apple's failure to bring iOS 
games to the Apple TV means 
NVIDIA is really out on its own 
here. Simply tap the Console 
Mode app on the home screen 
and you're away. 


TESCO 


HUDL 2 


£129 


THE UNLIKELY SUCCESS of the 
Tesco Hudl was one of 2013's 
biggest tech surprises. The Hudl's 
successor, Hud 2, is better in 
every way. Its screen is an inch 
bigger and now supports Full HD, 
so you can stream movies in high 
definition over the supermarket's 
own Blinkbox service. Blinkbox 
also features loads of books and 
music to keep you entertained. 
Parental controls are seriously 
impressive, with a native app built 
in conjunction with The Parent 
Zone website, which allows you to 
set up as many as seven profiles. 
These can be tweaked to prevent 
access to certain apps, while time 
limits are also an option. It's a 


Screen: 8.3 inches 

Weight: 410g 

RAM: 2GB 

Processor speed: Intel Atom, 1.83GHz, Quad-core 
Battery life: Up to 8 hours of web browsing 


brilliantly realised tool and one 
which puts more expensive 
tablets to shame. At 410g, it may 
be a tad on the weighty side for 
travel, but it comes in a choice of 
eight bright colours. Chuck in full 
access to all of Google's services 
including the Play Store and its 
enormous selection of apps_ plus 
the latest Android software, and 
it's hard to see why you'd want to 
splash out on a pricier model. 

Of course, the price here is the 
big draw. At £129, it's just a tenner 
more than the original Hudl. But 
that's still over £100 less than an 
entry level iPad Mini 2. That extra 
lump of cash could make a big 
dent in your Christmas food shop. 
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HOW DO WE KNOW? 


Int NATURE OF 


LIGHT 


BY ANDREW ROBINSON 


What is light? It's puzzled some of humanity's greatest thinkers for 2000 
years, especially since it appears to behave like waves as well as particles 


HAT IS LIGHT? The question 
has fascinated scientists and 
painters, poets, writers and 
anyone who’s ever played 
witha prism _ since classical 
antiquity. Pythagoras, Euclid 
and Ptolemy, for example, 
accepted that light moved 
in straight lines. But rather 
than assuming that light rays 
travelled from an object to the eye, 
they believed the eye emitted visual 
rays, like feelers, which touched 
the object and thereby created the 
sensation of sight in the mind. 

Drop a needle on the ground, Euclid 
noted in the 3rd Century BC, search 
for it, and wonder why the needle is 
not immediately visible. If light rays 
are emanating instantaneously from 
an object to the eye, he hypothesized 
that you should see it immediately. 
He decided the reason for the delay 
must be that the visual ray, searching 
the ground, is yet to touch the needle. 
Then, in a flash, you spot it. This 
ancient idea of light and sight was 
taught in the West in various forms 
until the 12th Century AD. 

It was rejected by Ibn al Haytham, 
a 10th Century scientist from what 
is now Iraq. Al Haytham was known 
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in the West as Alhazen, with the 
nicknames ‘Ptolemy the Second’ 

and ‘The Physicist’. He noted that 

you cannot look at the Sun for long 
without great pain; and if you stare at 
a bright object for half a minute and 
then close your eyes, a coloured image 
of the object floats into view. In each 
case, something emitted by the object 
must have entered the eye. 

The later translation of Alhazen’s 
Book Of Optics into Latin led to its 
being read by, among others, artist 
Leonardo da Vinci, physicist Galileo 
Galilei, astronomer Johannes Kepler, 
philosopher René Descartes and 
mathematician Christiaan Huygens, 
all of whom contributed to our 
understanding of light and vision. 
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A page from one of Leonardo Da Vinci's late 15th Century 
notebooks, showing his musings on the nature of light 


Da Vinci suggested that the eye is a 
camera obscura _ literally, ‘a darkened 
chamber’ into which light rays 
penetrate via a small aperture (the 
pupil) and create an inverted image 
of an exterior scene on the back of 
the eye (the retina). First adopted as 
aterm by Kepler in 1604, the camera 
obscura became the dominant model 
of human vision in the 17th Century. 


COMPETING IDEAS 


Two theories of light, apparently 
incompatible, were in competition by 
1700. The first, proposed by Huygens 
in 1678 and published in 1690, was an 
undulatory theory: light transmitted 
as waves. Light waves spread in all 
directions from a light source, and 
were detected by their creation of 
vibrations in the retina. They were 
regarded as analogous to sound waves 
spreading from a tuning fork, with the 
retina rather than the tympanum as 
detector. With sound, the undulating 
medium was the air; with light it was 
supposed to be an invisible, mysterious 
medium known as ‘the ether’. 

In contrast, Isaac Newton, who 
began his optical experiments >) 
in 1666, favoured a corpuscular 
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Light is a somewhat confusing 
phenomenon, in that it can behave 
both as a wave and as a particle. 


This counterintuitive property of 
light kept some of our brightest 
minds (pun intended!) guessing 
for 2,000 years... 


This prism is both refracting 
light that passes through it 
(causing the spectrum) and 
reflecting it internally 
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>) theory: light as particles. Light The simplest phenomenon was the What about reflection? When 
rays spread from a light source transmission of light in straight lines, light strikes a mirror, the angle of 
in a stream of minute particles or as in shafts of sunlight through a cloud incidence is equal to the angle of 
‘corpuscles’, shooting through empty or solar eclipses. Such behaviour was reflection. In the corpuscular theory, 
space (rather than the ether) like expected for a stream of corpuscles, the explanation was straightforward: 
bullets, and were detected by their but not for a wave. Water waves the corpuscles must behave like 
impact on the retina. That said, rippling from a stone dropped into billiard balls bouncing off the cushion 
Newton was far from certain. He a pond could be seen to spread in all of a billiard table at equal angles. The 
waited until 1704 before publishing his directions and bend around obstacles undulatory theory, too, had no real 
Opticks, and presented his ideas as a to some extent. Sound waves could be difficulty. Once Huygens assumed that 
series of ‘Queries’ with answers that, heard to bend. Light, however, did not alight ray could be mathematically 
far from being definitive, occasionally appear to bend. In Newton’s emphatic modelled as the path of a point ona 
favoured the undulatory theory. words: “Sounds are propagated as wave front, he could easily deduce the 
Of course, the real test of the readily through crooked pipes as law of reflection. 
two theories was experiment. How through straight ones. But light Refraction was a more decisive 
effective was each theory in explaining is never known to follow crooked test. When light strikes the surface 
reflection, refraction and diffraction? passages nor to bend into the shadow.” of water and passes through it, the 


THE KEY The interference of water waves on a pond's surface is a familiar phenomenon. 
EXPERIMENT _ Jhomas Young showed that the same thing happens with beams of light 


IN 1802, IN a lecture at London's 

Royal Institution, Thomas Young 
demonstrated a new device now 
known as a ripple tank. Its basic 
principle is that water is stirred up in a 
trough with a glass bottom illuminated 
from below, so that the water waves 
and their patterns cast shadows onto a 
white screen above the trough. When 
two sets of ripples are created, they 
interfere with each other, producing a 
pattern of agitated water known as 
constructive interference where the 
wave peaks coincide. A pattern of 
smooth water is known as destructive 
interference where a wave peak is 
cancelled by a wave trough. 

If light were a wave, Young thought 
that it, too, might demonstrate 
constructive and destructive 
interference. A year or two after his 
lecture, working at home, Young split a 
beam of light using two narrow slits. As 
the two beams were diffracted by the 
slits, they interfered with each other 
and created a pattern of bright and 
dark stripes on a screen. Thus, light 
added to light could produce more light 
or, more surprisingly, darkness. 

To Einstein, Young's experiment was 
“the next great theoretical advance” 
after Newton's work on optics, while 
physicist Richard Feynman said it was 
the “heart of quantum mechanics”. 


IENCE & SOCIETY X4, THINKSTOCK 


Young’s double-slit experiment 
at the turn of the 19th Century 
proved decisive in showing that 
light can behave like a wave 


PHOTO SCIENCE PHOTO LIBRARY, 


118 / FOCUS / DECEMBER 2014 


angles of incidence and refraction 
differ. The angle of refraction is less 
than the angle of incidence, and so 

a ray is bent towards the normal 
(the perpendicular). Although their 
relationship had been formulated in 
1621 as Snell’s Law, it still required a 
physical explanation. 

Newton’s attempt was not very 
convincing. He proposed that light’s 
velocity in water was faster than in air 

a counter intuitive idea, given that 
water is a denser medium. Once they 
entered the water, said Newton, the 
corpuscles were acted upon by a force 
which increased their velocity and 
altered the direction of their motion. 
However, the nature of this force was 
inexplicable, and it had no supporting 
evidence from other phenomena. 

Huygens, by contrast, assumed 
that light travelled more slowly in 
water than in air. He then used the 
undulatory theory in a direct and 
simple way, without postulating any 
new force, to calculate Snell’s Law. 
But this verdict was by no means 
conclusive. What precisely was the 
velocity of light in air and in water? 
Ole Romer made the first modern 
estimate of light’s velocity in the 1670s 
using astronomical measurements, 
but not until 1850 was it measured 
accurately enough to prove that light 
moves more slowly in water than in 
air, as Huygens had assumed. 


FRINGE THEORIES 


Finally, there was diffraction, a 
phenomenon first observed by 
Francesco Grimaldi in the mid 17th 
Century. He allowed a beam of light 
into a darkened room through a small 
circular aperture, then passed it 
through a second aperture and onto 
a screen. He noticed that the spot of 
light on the screen was slightly larger 
than the second aperture, and had 
coloured fringes. When he placed a 
thin obstacle in the beam, its shadow 
was not sharp: there were bright 
bands, very narrow and coloured, 
following the outer edge of the 
shadow. In other words, light could be 
bent diffracted by apertures and 
obstacles, even if only very slightly. 
When Newton repeated Grimaldi’s 
experiments, he too observed 
coloured fringes. Perplexed, he 
claimed that the edges of an aperture 
or obstacle interfered with the paths 
of the corpuscles. Although the z 
undulatory theory could not >) 


Isaac Newton 
(1642-1727) This 
farmer's son became 
president of the Royal 
Society and needs 

no introduction as a 
mathematician and 
physicist. His laws of 
mechanics and theory 
of gravitation are his 
lasting monument, 
but his research into 
optics was also highly 
influential, despite his 
dogged adherence 

to the corpuscular 
theory of light. 


James Clerk Maxwell 
(1831-79) Maxwell was 
a Scottish physicist 
who founded the 
Cavendish Laboratory 
at Cambridge. He made 
key contributions to 
thermodynamics, the 
kinetic theory of gases 
and colour vision, 

but he’s principally 
remembered for his 
field equations of 
electromagnetism, 
which defined light as an 
electromagnetic wave. 


Christiaan Huygens 
(1629-95) This 
mathematician, 
physicist and 
astronomer came from 
arich and influential 
Dutch family. He is 
perhaps best known 
for his invention of the 
pendulum-regulated 
clock, but also 
improved the lenses 
of his telescope and 
discovered the rings 
of Saturn. His greatest 
achievement was his 
wave theory of light. 


Thomas Young 
(1773-1829) This 

child prodigy born in 
modest circumstances 
to English Quakers 
became probably the 
greatest polymath of 
his age. ‘The last man 
who knew everything’ 
was a London physician 
by profession, but his 
reputation was made in 
physics, the physiology 
of the eye and colour 
vision, and Egyptology. 


Albert Einstein 
(1879-1955) Einstein is 
generally regarded as 
the greatest physicist 
since Newton, for 

his General Theory 

of Relativity and for 
his contributions to 
quantum theory. Born 
in Germany, he worked 
in Switzerland as a 
patent clerk, returned 
to his homeland as a 
professor and finally 
emigrated to the United 
States to avoid Nazi 
persecution of Jews. 
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How do we know? 


Ibn al Haytham shows 

that vision depends 

on light rays reflected 

from objects, not visual 
rays emitted by eyes. «es 
His work is translated 

into Latin in the 13th 


3 Century, influencing later 


European thinkers. 


Christiaan Huygens 
publishes a wave 

theory of light. It 
explains refraction and 
diffraction, but depends 
on the existence of an 
‘ether’, for which there is 
no evidence. 


After decades of experimentation, Isaac 

Newton publishes his Opticks. It explains 
geeeceeeeeeeees some optical phenomena (but not others) «+eseee 
c with a particle theory of light, which does 
5 not require the existence of an ether. 


. 
e 
. 
. 
e 
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eeccceccccee 


Thomas Young establishes beyond doubt that 
light can behave as a wave by passing a light 


beam through two narrow slits and observing 
an interference pattern on a screen. 


eeccccccccecece 
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Building on the work 
of Michael Faraday, 
James Clerk 
Maxwell predicts 
the existence of 
electromagnetic 
waves of varying 
frequency and 
wavelength, 
including light waves. 


Albert Einstein's Special 
Theory of Relativity 
postulates that light 
moves at a speed 
independent of the 
observer and does not 
require Maxwell's ether. 
Separately, he uses the 
photoelectric effect to 
postulate light quanta. 


@® cxplain the colours, it explained 
® diffraction better than its rival. 
Nevertheless, Newton’s prestige 
allowed his theory of light to dominate 
the Age of the Enlightenment. In 1771, 
the first edition of the Encyclopaedia 
Britannica boldly declared: “Light 
consists of an inconceivably great 
number of particles flowing from 
a luminous body in all manner of 
directions; and these particles are 
so small, as to surpass all human 
comprehension.” Not until the 
early 19th Century were corpuscles 
seriously challenged by undulations. 
Around 1804, Thomas Young 
demonstrated the interference of light, 
in which two overlapping beams of 
light produced bright and dark stripes, 
comparable to the interference of two 
water waves (see ‘The Key Discovery’). 
Corpuscles could not produce such 
patterns. Subsequent experiments on 
polarised light by French physicist 
Augustin Fresnel suggested a 
transverse light wave. Its components 
oscillate at right angles to each other 
and to the direction of propagation, as 
opposed to a longitudinal wave such 
as sound, which oscillates only in the 
direction of propagation. 


E ISM 
In the 1830s and ’40s, Michael Faraday 
demonstrated the inter relationship 

of electric and magnetic fields of 
force. James Clerk Maxwell then took 
Faraday’s fields and merged them 
mathematically into a single concept: an 
electromagnetic wave with transverse 
electric and magnetic components, 
which Maxwell calculated would 
propagate through the ether at a speed 
similar to the measured speed of 

light, around 300,000km/s. Different 
colours of light now corresponded to 
different wavelengths and frequencies. 
In the 1880s, German physicist 
Heinrich Hertz proved such waves’ 
existence experimentally. 

Maxwell solved one problem 
brilliantly, but offered no physical 
explanation for the ether. If light was 
a wave, what was vibrating? Persistent 
attempts to detect the ether failed 
during the latter part of the 19th 
Century. After 1905, with the arrival 
of Albert Einstein’s Special Theory 
of Relativity, Maxwell’s ether was 
abandoned as an unnecessary concept. 

Relativity started with Einstein’s 
‘thought experiment’ in 1895 about 
chasing a light ray. Ten years later 


NEED TO KNOW 


Key terms relating to the 
behaviour and study of light 


RE rRA )N 

Light passing from one medium to 
another is bent by refraction hence the 
ability of lenses to focus light rays, and the 
fact that a pencil placed in a half-glass of 
water looks bent. The refractive index of a 
medium is the ratio of the velocity of light in 
a vacuum to its velocity in the medium. 


by apertures and obstacles. The diffraction 
of light is not so obvious in ordinary life as 

its refraction, but it can be observed in the 
iridescent colours formed by a CD or DVD 
under visible light. The surface of these discs 
is ruled with very close lines, which form a 
diffraction grating. 


radiation such as X-rays can displace 
electrons from certain metals. However, 
this occurs only above a certain threshold 
frequency, never below it, regardless of the 
intensity of the radiation. The explanation for 
this requires the radiation to be quantised, 
with the energy of each quantum dependent 
onits frequency. 


he wrote: “If I pursue a beam of light 
with the velocity c (velocity of light 
in a vacuum), I should observe such a 
beam of light as a spatially oscillatory 
electromagnetic field at rest. However, 
there seems to be no such thing, 
whether on the basis of experience or 
according to Maxwell’s equations.” 
Were we to travel faster than light, 
Einstein imagined a situation in which 
we might run away from a light signal 
and catch up with previously sent light 
signals. The most recently sent light 
signal would be detected first by our 
eyes, and then we’d see progressively 
older light signals. “We should catch 
them in a reverse order to that in 
which they were sent, and the train 
of happenings on our Earth would 
appear like a film shown backwards, 
beginning with the happy ending.” 
The idea of catching or overtaking 
light was clearly absurd. Einstein 


A young Isaac Newton conducting light experiments using a prism in the mid-17th Century. Newton favoured a 
corpuscular theory of light, and his great standing ensured that idea dominated scientific thought for many decades 


postulated that the speed of light is 
always the same, independent of how 
the emitting source or the detector 
move, and without the need for any 
universal frame of reference such 

as the ether. If this were not radical 
enough, in 1905 Einstein also proposed 
a comeback for Newton’s corpuscular 
theory in a more modern form. Instead 
of corpuscles, there were now light 
‘quanta’ (later termed photons). 

In 1900, Max Planck had postulated 
that the electromagnetic spectra from 
red hot bodies could be explained 
only if radiation could be emitted 
or absorbed in discrete packets, 
or ‘quanta’. Now Einstein, after 
considering the photoelectric effect 
the way in which certain metals emit 
electrons when exposed to radiation 

proposed that not only were the 
emission and absorption of light 
quantised (formed into quanta), light 
itself was quantised. Between them, 
Planck and Einstein launched a theory 
that would determine the course of 
20th Century physics. 

Today, physicists are compelled 
to accept that light behaves as both 
a particle and a wave, depending 
on how they choose to measure 


its phenomena. But its underlying 
physical nature remains a puzzle. 
A few years before his 1955 death, 
Einstein remarked: “All the 50 years of 
conscious brooding have brought me 
no closer to the answer to the question, 
‘What are light quanta?’ Of course 
today every rascal thinks he knows the 
answer, but he is deluding himself.” 
Since the 1980s, delicate 
experiments have replayed a version 
of Young’s key experiment and 
shown that a single photon can 
somehow interfere with itself. In 
his much praised study Catching 
The Light, quantum physicist Arthur 
Zajonc admits: “Light remains as 
fundamentally mysterious as ever”. m 


ANDREW ROBINSON’s books include 
biographies of Einstein and Thomas Young 


fele|c} Melvyn Bragg and guests 
ese 4) discuss the life and work of 
— James Clerk Maxwell inthis 


episode of Radio 4's In Our Time programme. 
bbe.co.uk/programmes/p005491g 
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TELESCOPE WOKS 


NexStar” 
EVOLUTION 


The first ever Schmidt-Cassegrain 


Telescope with fully integrated WiFi 


Now you can leave your hand control 
behind and slew to all the best celestial 
objects with a tap of your smartphone 

or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 


6”, 8” or 9.25” SCT. 


iPAD and iPHONE SHOWN NOT INCLUDED 
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Available from specialist astronomy retailers and selected other dealers nationwide. 
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


WwWww.celestron.uk.com 


Celestron® and NexStar® are registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. All rights reserved. 
David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 


10 D0 LIS! 


PLAN YOUR MONTH AHEAD WITH OUR EXPERT GUIDE 


= WATCH 
@ LISTEN 
@ TOUCH 
@ VISIT 


PICK OF THE MONTH 


INSTITUTE 
OF SEXOLOGY 


SEX: NO OTHER three-letter word has been 

the source of so much scandal, gossip and 
wide-eyed speculation. It may be nature’s way of 
making babies, but sex has become a whole lot 
more than a simple act of procreation. It's social, it's 
emotional and it's at the heart of who we are. Yet 
the scientific study of sex is a relatively recent field. 
It wasn't until 1837 that the first modern piece of 
sexology research appeared a study into the lives 
of Parisian prostitutes by one Alexandre Parent- 
Duchatelet. Since then, our attitudes to sex have 
never stopped evolving. 

The Institute Of Sexology is a new exhibition at 
London's Wellcome Collection that traces these 
changes over the past 150 years. Featuring more 
than 200 objects bridging art, photography, 
medicine and ethnography, the exhibition reveals the 
work of some of these taboo-busting pioneers. 

The stories behind these studies are as colourful 
as some of the subjects themselves. Take William 
Masters and Virginia Johnson, who in the 1950s 
set up a laboratory at Washington University to 
watch hundreds of volunteers getting hot and 
bothered. Then there's Alfred Kinsey, who switched 


from entomology to sexology in the 1930s after 
discovering that scientists knew more about the 
sex lives of farm animals than humans, and went 
on to document the sexual exploits of over 18,000 
Americans. And of course, no history of sexology 
would be complete without Sigmund Freud the 
neurologist who came to believe that sexuality was 
key to understanding our anxieties and neuroses. An 
equally important figure is Marie Stopes, a British 
palaeobotanist and women’s rights campaigner. She 
took a more practical approach to sexual health, 
opening the UK’s first family planning clinic in 1921. 
Today, there's still a lot we don’t know about 
society's bedroom habits understandably, people 
are secretive about their most intimate moments. 
But if you do wish to contribute to the burgeoning 
field of sex research, there'll be a chance at this 
exhibition. You'll have to visit to find out more... 
JAMES LLOYD 


The Institute Of Sexology, 20 November 2014 
to 20 September 2015. Entry is free. 
wellcomecollection.org/sexology 


DON'T MISS! 


Crowd Control 


Discover how behavioural 
psychologists are learning 
to manipulate our actions 
and how their work 
could be applied. p124 


Ri Christmas 
Lectures Tour 


Go behind the scenes at 
the annual Yuletide TV 
science fest. p127 


ANDREAS WAGNER 


Arrival Of 
The Fittest 


This new book challenges 
many of our traditional 
ideas about how evolution 
works, p128 


NOGNOT AYVHEIT ANODTISM OLOHd 
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Tools 
m™ WATCH 


TV, DVD, BLU-RAY & ONLINE 


WITH TIMANDRA HARKNESS 


Forbidden History: The Genius Of Nikola Tesla 


Yesterday, dates and times TBC 


IN THE LAST of this second series of 
Forbidden History, Jamie Theakston 
travels to Serbia to learn more about 
Nikola Tesla. Belgrade airport bears 
his name, yet he's mainly known as 
the inventor of high-voltage artificial 
lightning. Was his pioneering work 
covered up in a conspiracy to rob 
the world of its benefits? Or was he 
an eccentric whose good ideas were 
lost in a sea of crazy ones? 


Loch Ness: The Missing Evidence 


Channel 5, dates and times TBC 


DESPITE MYTHS DATING back over 
1,500 years, the elusive denizen of 
Scotland's freshwater lake has yet 
to be documented. But by collecting 
thousands of photos, eyewitness 
accounts, videos and sonar readings, 
Dr Charles Paxton of the University 
of St Andrews has amassed the 
most comprehensive Nessie 
database ever. So can he tell us if 
the Loch Ness monster really exists? 


Nevada Triangle: The Missing Evidence 


Channel 5, dates and times TBC 


STEVE FOSSETT SURVIVED many 
adventures, but one routine flight 
was to be his last. The search for his 
plane revealed that 20 times more 
aircraft go down over the Sierra 
Nevada than the Bermuda Triangle. 
Why is this land of deserts and 
mountains so deadly? This programme 
looks at the unique geography, 
meteorology and aerodynamics that 
have claimed so many flyers’ lives. 


TIMANDRA HARKNESS is a stand-up comedian and 
a presenter on BBC Radio 4 
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Daniel Pink believes 
we can be ‘nudged’ 
through our lives 


Crowd Control 


National Geographic, dates and times TBC 


YOU MAY THINK you're making 
your own decisions, but 
behavioural psychologists such 
as Daniel Pink disagree. They 
think that the way we interact 
with external influences can 
make a huge difference to our 
behaviour a concept known 
as ‘nudge theory’. 

This 12-part series reveals 
how andif such approaches 
work, by inviting Pink and his 
team to tackle real-life issues. 
Psychologists, designers and 
actors will try to change our 
behaviour using what they've 
observed in the laboratory. 

Speeding is one of the 
examples that the team 
investigates. Can Pink's team 


decrease the speed of drivers 
by dangling a ‘carrot’ instead of 
slapping people with fines? 

Some say it’s unethical 
to treat us all like lab rats 
instead of responsible adults. 
Others claim that advertisers, 
campaigners and our loved 
ones are constantly trying 
to manipulate us anyway, so 
there's nothing wrong with 
adding some ‘nudging’. 

Either way, we seldom get 
to see behavioural engineers at 
work, so this promises to offer 
insight into their methods. We 
may even become more alert to 
the ways we're unconsciously 
being pushed and pulled 
through our lives. 


Man Vs Universe 


Discovery Science, 8pm 


THE NEW SPACE race has a lot more 
runners than the USA vs USSR battle 
of the 1960s, with China, India and 
private companies all setting their 
sights on the Moon and beyond. This 
three-part series looks at the people 
and projects in the running. Who will 
win the $30 million Google Lunar X 
Prize? And will mining the Moon create 
anew generation of millionaires? 


Life On Mars 


Discovery Science, 8pm 


NASA'S CURIOSITY ROVER has 
several goals, but the most exciting 
is its hunt for signs of life on Mars. 
This documentary follows the 
mission's progress through the eyes 
of Curiosity's science team. They 
may not have found any little green 
men, but there are plenty of exciting 
moments as the explorer unravels 
clues from millions of miles away. 


Planet Ice 
Eden, 8pm 


“Is now an appropriate 
time to start singing 
‘Ice Ice Baby'?” 


IT MAY BE rainy, foggy or even sunny where you are, 

but many parts of Earth are covered in ice throughout 
the year. This series follows Thierry Berrod on a tour of the 
world’s glaciers. As Berrod lives next to the Ecrins National 
Park, he has seen his local glacier receding with his own 
eyes. Is this part of a global pattern? Whatever the answer, 
you'll see some spectacular footage of ice tunnels and aerial 
views, along with time-lapse film showing glaciers moving at 
a rate that’s far from glacial. 


| ToDoList | 


AUNIVERSE 


Human Universe 


2entertain, £14 


aN 

Ye ~=BRIAN COX'S LATEST series is the perfect Xmas 
gift for a fan, or offers you the chance to catch 
up if you missed it on BBC Two. It’s the series of 
which Cox is most proud what do you think? 


Castles In The Sky 


Spirit Entertainment Limited, £12.50 


THIS IS THE surprising story of how radar was 
invented and how it contributed to Britain's WW2 
victory. This feature-length drama stars Eddie 
Izzard as radar inventor Robert Watson-Watt. 


How Do We Know The Big Bang Actually Happened? 


bbc.in/OB2gw3 


IN THIS BBC iWonder online 
feature, space scientist and 
The Sky At Night presenter 
Maggie Aderin-Pocock 
takes us through the theory 


ey of the Big Bang and explains 
r= nthe Acs how researchers find 
Geamabie evidence for it. 


Tutankhamun: [he Truth Uncovered 


bbc.co.uk/programmes/b04n6scp 


IF YOU MISSED Dallas 
Campbell unwrapping the 
mysteries of the world’s 
most famous mummy on 

26 October, catch it on BBC 
iPlayer. BBC shows are 
now available for 30 days, 
so there's plenty of time! 


The Magic of Consciousness By Prof Nicholas Humphrey 
http://youtu.be/NHXCi6yZ-eA 


IN THIS VIDEO from The 
Royal Institution, Prof 
Nicholas Humphrey asks 
whether consciousness is 
real or just an illusion in the 
“theatre of our mind”. He 
also takes time to muse its 
evolutionary advantages. 
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LISTEN 


BBC RADIO PROGRAMMES 


WITH TIMANDRA HARKNESS 


NOVEMBER 


Tech Tent 


BBC World Service, Fridays, 
4.30pm 


A WEEKLY UPDATE on the world 
of technology, and the people 
who make it, sell it and use it. 
Rory Cellan-Jones reports, with 
interviews and studio guests for 
the insider perspective. Podcast 
available at bbc.co.uk/podcasts/ 
series/tech 


13 NOVEMBER 


Science In Action 
BBC World Service, 7.30pm 


THIS IS A SPECIAL 50th 
birthday edition of the weekly 
programme, broadcasting from 
the Royal Society in London. 
Presenter Jack Stewart 
welcomes a panel of guests, 
including Royal Society 
president and Nobel Prize 
winner Paul Nurse. Podcast 
available at bbc.co.uk/podcasts/ 
series/scia 


The Digital Human 


bbe.co.uk/programmes/b01n7094 


ALEKS KROTOSKI 

explores the ways in 
which we interact with 
technology. How are our 
attitudes to concepts such 
as darkness or danger 
changing in this new world? 
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25 NOVEMBER 


The Reith Lectures 
BBC World Service and BBC 
Radio 4, various times 


RENOWNED SURGEON AND 
writer Dr Atul Gawande delivers 
this year’s Reith Lectures on 
The Future Of Medicine. He 
starts with the tricky questions. 
Why do doctors fail? Will 
improvements come from 
conquering ignorance, or from 
making better use of what we 
already know? The next lecture 
deals with medical systems, 
and how even simple checklists 
can help overcome human 
fallibility. Then come the difficult 
philosophical questions: should 
we continue the human battle 
against ageing and death, or are 
doctors guilty of hubris in 
seeking to defy nature? What 
else is important to human 
beings, apart from staying alive 
as long as possible? 


N Zz 
Bibs \, jo 3 
Dr Atul Gawande’s lectures offer 
interesting insight into medicine’s future 


TOUCH 


SMARTPHONE & TABLET APPS 


WITH KATE RUSSELL 


The Elements: A Visual Exploration 
iOS 7 or later, iPhone/iPad/iPod Touch, Touch Press, £9.99 


CHEMISTRY CAN BE fun! Yes, that’s 
the lesson we learned from The 
Elements: A Visual Exploration. 
This stunningly visual, interactive 
app guides users through the basic 
chemical substances that make up 
the periodic table. Upon launching, 
you're treated to a singing periodic 
table, and can then explore the 
elements with the help of text and spinning 3D graphics. In the 
app’s own words it delivers “the universal catalogue of everything 
you can drop on your foot”. It really is the most entertaining 
interpretation of this kind of content out there. 


Cozmic Zoom 
Android 2.1 or later, Tokata, £1.49 


SPACE IS VAST. Or as Douglas 
Adams famously put it, it is “vastly, 
hugely, mind-bogglingly big”. But the 
latest cosmic exploration app for 
Android, Cozmic Zoom, still manages 
to comfortably fit the entire 
observable Universe in the palm of your hand. According to the 
makers, the app is inspired by the documentary film Powers Of Ten. 
You start the journey on the far reaches of human comprehension, 
looking back towards the Milky Way. You can then zoom through 
distant galaxies into the Solar System, before skimming past the 
planets and hurtling towards Earth, eventually ending the trip by 
eyeballing all the elementary particles inside the human body. 


NASA Earth As Art 


iOS 4.3 or later, iPad, NASA, free 


AS WELL AS being big, space is also 
extremely beautiful. The NASA Earth 

As Art app demonstrates this elegantly 
by using imagery from as far back as 
1960 to deliver a gallery that will leave 
you speechless. The Terra, Landsat 5, 
Landsat 7, EO-1 and Aqua satellites caught 
the images. As the satellites’ sensors 

are able to measure light outside of the 
visible spectrum, they can deliver more 
than can be seen with the naked eye. The 
app features a total of 75 stunning images, which celebrate the 
aesthetic beauty of Earth and its atmosphere. 


KATE RUSSELL is a technology journalist and BBC Click presenter 


@ EVENTS & EXHIBITIONS 


WITH JHENI OSMAN 


4, 
= . 
=> Invention Lab 


i At-Bristol, free with admission, at-bristol.org.uk 


BACKYARD INVENTORS! THESE drop-in sessions will let you tinker, 
build and destroy to your heart's content... 


Chain Reaction 


Guildhall, Cambridge, 1lam-4.30pm, £25, cambridgesciencecentre.org 


DESIGN A CONTRAPTION the crazier the better as part of a 
huge chain of devices that trigger one another around the room. 


The Coming Of Age Of Quantum Biology 


WM At-Bristol, 6.30pm-7.30pm, £9, ideasfestival.co.uk 


WHAT IS LIFE? It’s a big question we haven't yet fully answered. 
Prof Jim Al-Khalili joins Prof Johnjoe McFadden to reveal how the 
new field of quantum biology gives insights into life's dynamics. 


The Knowledge: How To Rebuild Our World 


National Maritime Museum, London, 6.30pm-7.30pm, £5, rmg.co.uk 


IF THIS TALK is anything as good as Dr Lewis Dartnell’s book by the 
same name, we're in for a treat. Discover what vital scientific and 
technological knowledge we'll need to avoid another Dark Age. 


5 Topology, Geometry And Life In 3D 


"ami Royal Institution, London, 7.50pm-9.15pm, £17, rigb.org 


AT THIS TALK, discover how to map a 3D maze from which there's 
no escape, and find out how mathematicians investigate them. 


Behind The Scenes Of Ships, Clocks And Stars 


Royal Observatory Greenwich, London, 2pm-4pm, £24, rmg.co.uk 


SEE THE ROYAL Observatory’s collection of antique timepieces and 
get a ‘behind the scenes’ look at the work of Jonathan Betts and 
Rory McEvoy, the Observatory's curators of horology. 


Prof Danielle George, 
an electrical engineer, 
will present this year’s 
Christmas lectures 


Ri Christmas Lectures Tour 


Royal Institution, London, tours last 60 minutes, £17, rigb.org 


WITH TICKETS TO the ever-popular Christmas 

Lectures hard to get hold of, why not go behind the 
scenes instead? Sneak into the rehearsals for this year's 
lecture series ‘Sparks Will Fly: How To Hack Your Home’ 
(which will be presented by Prof Danielle George, pictured 
above) to see how the lectures take shape. Then take a nose 
around the workshop to find out how the demonstrations 
come to life, thanks to a team of techies beavering away in 
back rooms. While you're there, you can trawl through the 
archives and see props that were used in previous lectures. 


Astronomy Day 


National Museum of Flight, East Lothian, 10am-5pm, £10, nms.ac.uk 


STARGAZING, SPACE TALKS and planetarium shows are just some 
of the cool activities on this day of all things astronomical. 


©. 
Game Masters 
National Museum of Scotland, Edinburgh, £10, nms.ac.uk 


PAC-MAN, SONIC and those Angry Birds are taking over the museum. 
Come along, meet your virtual heroes and learn about game design. 


What Makes British Weather Worth Talking About? 


Royal Society, London, 6.30pm-8pm, free, royalsociety.org 


WE BRITS ARE famous for talking about the weather - largely 
because it’s so variable. At this talk, Prof Doug Parker from the 
Met Office explains why UK weather is notoriously unpredictable. 
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Arrival Of 
The Fittest: 


Solving Evolution’s Greatest Puzzle 


Andreas Wagner 
Oneworld @ £18.99 


OW COULD EVOLUTION have 
produced something as wondrous 
as a butterfly’s wing or a human 
eye? If you're tempted to answer 
this by invoking the power of natural 
selection, then The Arrival Of The Fittest 
should be mandatory, corrective reading. 

Over the last 15 years, Andreas Wagner, 
a professor of evolutionary biology at the 
University of Zurich, has been trying to 
figure out a set of natural principles that can 
accelerate life’s ability to create. 

Wagner begins by reflecting on the origin 
of life. Rather than the “warm little ponds” 
that Charles Darwin envisaged, over the 
last few decades it has become increasingly 
clear that deep-sea hydrothermal vents 
were probably key to the origin of life. Any 
self-replicating molecule that emerged in 
a pond would rapidly consume all the raw 
materials available, fizzling out “like a wet 
match, moments after it had ignited.” In a 
hydrothermal vent, by contrast, a 
never-ending supply of chemicals 
seethes through the Earth's crust at 
searing temperatures and extraordinary 
pressures. These “primordial pressure 
cookers”, suggests Wagner, are the perfect 
laboratories for the creation of the chemical 
reactions the metabolism necessary for 
the emergence of life. 


“These primordial 
pressure cookers 
are the perfect 
laboratories for the 
emergence of life” 
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Solving Evolution’s Greatest Puzzle 
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ANDREAS WAGNER 


With organic molecules in place, 
Wagner turns to the meat of his argument, 
introducing it by way of the recurring 
metaphor of “a universal library”. In one 
such example, he explores the library of 
all possible combinations of metabolic 
reaction, almost all of which have never 
come into existence and most of which 
would not meet the requirements for 
life. Yet with some nifty thinking, clever 
experiments and cutting-edge computing, 
Wagner reveals a hidden architecture to 
his library, a connected network of paths 
in hyperdimensional space along which 
organisms can travel in safety, tinkering 
with new combinations of metabolic 
reaction along the way. 

The universal library metaphor also 
applies to genes, proteins and the 
machinery that regulates gene expression. 
Once Wagner has finished a mind-bending 
tour round one of these libraries, an organ 
as complex as the eye seems inevitable. 
None of this is going to convince a young 
Earth creationist. But for anyone seriously 
interested in how the world came about, 
this book will be tremendously exciting. 
iT ty 


HENRY NICHOLLS is a science journalist and 
author of The Galapagos 


© Hardback ® Paperback 


MEET THE AUTHOR 


" ~*~ wel 
2 @ Andreas 
fo. Wagner 


You say that Darwin’s theory of 
evolution by natural selection is 
incomplete. What's missing? 

Let me use an example. There's a fish 
called the winter flounder that lives near 
the Arctic Circle, where the waters are 
so cold that our body fluids would freeze. 
Yet some ancestor of the fish came up 
with a class of molecules — antifreeze 
proteins that stop it freezing. 


Darwin's theory is still central to biology, 


but it doesn't tell us anything about how 
innovations such as these antifreeze 
proteins originate in the first place. You 
need the knowledge we have today. 


So it’s not just random mutations? 
Random mutations are important, but if 
we only had these then life as we know it 
wouldn't exist. For example, there's a 
protein called opsin that's responsible for 
detecting light at the back of our eyes, 
and is made from 20 different kinds of 
building blocks. We can view this as a 
text string in a large library of all possible 
proteins, but if we ask how long it would 
take to randomly find this one text, the 
numbers don't add up _ it's too unlikely. 


What have you found out? 

Nature's libraries are organised very 
differently to human libraries. With opsin, 
there's not just one text string that 
specifies its ability to detect light there 
are more strings than there are stars in 
our Galaxy. So there are many different 
texts that specify opsin, connected and 
spread out all over the library. This kind 
of organisation means that if you're part 
of a population that stumbles through the 
library, you're much more likely to 
encounter a new and useful text. 


MORE ON THE PODCAST 


Listen to the full interview with Andreas 
Wagner at sciencefocus.com/podcasts 


Molecules 
Theodore Gray 
Black Dog & Leventhal @ £19.99 
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THEODORE GRAY « & 


FOR THE SEQUEL to his bestselling 
Elements, Theodore Gray looks 
beyond the periodic table to the 
thousands of molecules and 
compounds formed by atoms. Lavish 
photos and diagrams bring the likes of sodium laureth sulphate 
(artificial soap), calcium magnesium silicate (ceramic wool) and 
acetylsalicylic acid (aspirin) to life. The molecules DNA and RNA 
code instructions akin to computer data, and Gray even speculates 
that life could have started from a soap-like molecule, which forms 
a spherical wall around organic molecules just like a human cell. 
Daniel Bennett, Reviews Editor 


on ry oe Knowledge Is Beautiful 


David McCandless 
William Collins @ £25 


Knowledge 
is Beautiful 


FIVE YEARS AGO, David McCandless 
published his hugely popular 
infographics bible, Information Is 
Beautiful. Now he returns with another 
collection of endlessly inventive 
stat-based illustrations. In his easily 
digestible style, McCandless tackles everything from the correct 
posture to maintain when meditating to the size and frequency of 
near-Earth asteroids. Like its predecessor, it is ideal coffee table 
fodder and a pleasure to thumb through in spare moments. 

Jason Goodyer, Commissioning Editor 


™ ULTIMATE 
tun BOOK ABOUT 


You Are Here: 
Around The World In 92 Minutes 
wees Chris Hadfield 

i eis \ Nui Macmillan @ £20 


CHRIS HADFIELD IS best known for 
two things: his cover version of David 

Chris Hadfield Bowie's Space Oddity and the pictures 

conlseiinmnio yg, ween Noanon of Earth’s surface he tweeted from the 

International Space Station. He didn't 

tweet all his photos, though. Around a thousand, previously unseen, 
space snaps have made it into this collection, from crop circles in 
the deserts of Libya to the brightly coloured lagoons of Ukraine. 
Whether it’s picturesque rivers, volcanoes or city lights, Hadfield’s 
images offer a new perspective on natural and human phenomena. 
Graham Southorn, Editor 


4 ninalum 


Jenny Broom 
Big Picture Press @ £20 


JENNY BROOM ENCOURAGES you to 
immerse yourself in a trip around your 
very own museum, all from the comfort 
of your home. Over 160 different species 
are just waiting to be explored in these 
pages, and have all been beautifully 
illustrated in great detail by Katie Scott. 
The lifelike images are backed up with oodles of scientific facts and 
tit-bits that will delight nature-loving children although adults will 
also find themselves rapturously poring over this massive tome. 
Alice Lipscombe-Southwell, Production Editor 
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Human Universe 
Brian Cox and Andrew Cohen 
William Collins @ £25 


BRIAN COX 
has many 
questions 
about 
humans as 
he tracks 
our journey 


from ape to astronaut, while 
reflecting on the fact that we 
are nothing but piles of atoms. 


The Incredible 
Unlikeliness Of Being 


Alice Roberts 
Heron Books £20 


ALICE 
THE explores the 
INCREDIBLE quirks of 
UNLIKELINESS BtyaewaMtentt 
OF BEING body, from 
blind spots 
to back pain. 
Subtitled 
Evolution And The Making Of 
Us, she illustrates it with her 
own anatomical drawings. 


AVOLUTION AMD 
THE MAING OF UE 


Inventions That Didn't 
Change The World 


Julie Halls 
Thames & Hudson @:£19,95 


THIS BOOK IS a love letter 
to odd Victorian inventions, 
like the artificial leech. Since 
their inventors applied 

for copyright, the original 
drawings bring them to life. 
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Is There Life 
On Mars? 


Stuart Clark 
Quercus ® £9.99 


FOCUS CONTRIBUTOR 
Stuart Clark answers 20 
cosmic questions with his 
sual thoroughness. They 
include: ‘Are there alternative 
universes?’, ‘What is a black 
hole?’ and even ‘Is there 
cosmological evidence for 
God?’ And for Focus readers 
who write in with pet theories 
of the Universe, there's a 
chapter just for you: ‘Was 
Einstein right?’ Buy this for 
anyone who asks lots of 
questions and wants to know 
if science can answer them. 


js 


The Great 
Archaeologists 


Brian Fagan 
Thames & Hudson 


£24.95 


ARCHAEOLOGISTS AND 
their feats are celebrated 
here, including Wilhelm 
Dérpfeld who excavated at 
Troy and Giuseppe Fiorelli, 
who preserved Pompeii. 


100 THINGS 
YOU WILL 
NEVER FIND 


100 Things You 
Will Never Find 


Daniel Smith 
Quercus ® £14.99 


WHERE IS JFK’S brain? What 
is Google's search algorithm? 
Who is the real King Arthur? If 
you want to find the answers 
to these questions, this isn’t 
the book for you. Subtitled 
Lost Cities, Hidden Treasures 
And Legendary Quests, it 
contains 100 secrets and 
mysteries. Take the dodo no 
complete skeleton of the bird 
exists. Or the Lost City of Z 
mentioned by 18th Century 
explorers but undiscovered 
since. What you will find, 
though, is a fascinating read. 


EINSTEIN 


Einstein 
Walter Isaacson 
Andre Deutsch @-£19;99 


HE TURNED OUR ideas about 
space and time on their head, 
but how? This hardback 
biography supplied in a 
handsome slipcase explains 
it all with the help of scientific 
apparatus, diagrams and 
archive documents. 


Dayid Clarke 


BRITA IN’S 5 
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FILES 


<ade| 
Brita 
X-traordinary Files 
David Clarke 


Bloomsbury ® £16.99 


FOR YEARS, PEOPLE 
have shared spooky tales 
around the campfire. This 
book assembles many of 
the more recent mysteries 
from documents contained 
in the National Archives. 
From the Beast of Bodmin 
Moor to headless women 
in St James's Park, this is 
a fascinating trawl through 
things we'd love to be true 
but sadly aren't, as well as 
unsolved mysteries like 
the Mary Celeste and 
phantom helicopters. 


CHARLES 
DARWIN 
rocxat 


Charles Darwin 


Stephen Webster 
The History Press £6.99 


THIS INTRODUCTION TO 

one of history's greatest 
scientists is an ideal stocking 
filler. The man who explained 
evolution is revealed, tracking 
his life from his childhood 

in Shrewsbury to his voyage 
on the HMS Beagle. 


Solar Puzzles 


Remarkable Plants 
That Shape Our World 


Helen and William Bynum 
Thames & Hudson @ £24.95 


The Wild Cat Book 


Fiona Sunquist and Mel Sunquist 
University of Chicago Press @ £24.50 


THE CAT FAMILY tree, 
recently derived from DNA 
studies, contains a total of 
37 species in eight related 
groups. All are included here, 
complete with photos and 
maps showing the location of 
their natural habitats. 


Deep Space 
Govert Schilling 
Black Dog & Leventhal @ £19.99 


YOU MIGHT THINK the subtitle, Beyond The Solar System To The 


End Of The Universe And The Beginning Of Time, is a tad grand for a 


coffee table book. But top astronomy author Govert Schilling’s tour 
of the cosmos is a tour de force. There are beautiful photos, plus 
diagrams to explain variable stars, sunspots and cosmic voids. 
And a star chart section should inspire you to get into astronomy. 


THIS BEAUTIFUL BOOK tells 
the stories of plants that have 
healed, harmed and fed us, 
from the rice eaten by half the 
world to cash crops such as 
sugar cane. Like us, you're 
bound to come across things 
you didn’t know. For example, 
linseed oil forms the basis of 
lino floors, while tobacco is in 
the same family as tomatoes. 
Appropriately for a coffee 
table book, we learnt that 
most of our brews come from 
just two species. 


Ne 


A SIGHT OF LIFE 
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A History Of Life 
In 100 Fossils 


Paul D Taylor and Aaron O’Dea 
Natural History Museum @ £20 


TAKE A WHIRLWIND trip 
back through 3.5 billion 
years of Earth's history 

and find out the stories 
behind some of the most 
important fossils ever found. 


The Planets 


Dorling Kindersley @ £20 


WITH THE SUBTITLE The 
Definitive Visual Guide To Our 
Solar System, this is the 
ultimate present for any 
space fanatic. This book has 
been updated with new 

3D graphics, covering 
various moons and asteroids 
as well as planets. 
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Why do bees buzz? A lities — — . 
y do bees buzz? Are personalities | a Fromthe r 
genetic? Do all planets spin the same ) as Makers Ob FOCUS 


way? Find out the answers to these 
questions and many, many more in 
the all-new 156-page Big Book 

Of Answers. al aa 
From the team behind BBC Focus’ 
comes the second volume of ie. = 
this best-selling special edition, ~~ 
crammed with > 


covering everything from the funnedl | 
body and evolution to space and % 
the environment. Plus, a 3 
reveals the q 
mindboggling science and engineering 
underpinning incredible technologies 
like pollution-eating paintand ~~ 
pilotless planes. 


a 


Pre-order your copy today for 
just £7.99 plus postage* 


2) | = i 


2 THE PILOTLESS PLANE 


Through extraordinary photography, Fill those annoying gaps in your A dedicated How It Works section examines 
discover the natural wonders of the world knowledge with our expert insight the science behind everyday life 


Please 
quote 
BBAHAX14 


Or call our order 
hotline ()844 44 0939: 


tCalls to this number from a BT landline will cost no more than 5p per minute. Calls from mobiles and other providers may vary. Lines are open 
8am-8pm weekdays & 9am-lpm Saturday. 

*Prices including postage are: £9.49 for UK residents, £10.99 for Europe and £11.49 for Rest of World. 

All orders subject to availability. Please allow up to 21 days for delivery. 


Pre-order online 
www.buysubscriptions.com/bighook2 


ENGINES THAT RUN 
FROM BODY HEAT 


ISIJOAPe 104 @ 


uInbus suis 


Choose from kit or assembled at 


WWW.STIRLINGENGINE.CO.UK 
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This beautifully made small sports car AS4 is a homage to the 
first Mercedes vehicle. It is powered by a Stirling Engine with its 
fuel source being a small alcohol burner. Made of 100 parts. 
Ready to run. 


GYROSCOPE.COM 


The Super Precision Gyroscope has been designed and built to the highest preci- 
sion from the very start, made from solid brass with a light-weight aluminium frame. 
Carefully chosen stainless-steel miniature ball bearings allow it to run smoothly and 
almost silently. The gyroscope operates at over 12,000 rpm using the provided 
electric motor and battery pack. The gyroscope comes with a number of attach- 
ments allowing numerous configurations to perform scientific, educational or simply 
mesmerising experiments. The brass disk is machined to 

microns precision, ensuring the disk is incred- 
ibly symmetrical and well balanced. The 
disk is then computer balanced to an 
impressive 250th of a gram accuracy! y’ 
Thus giving the gyroscope a highly 
balanced, super smooth feel, 
longer spin and even quieter 
operation. Visit 
www.gyroscope.com for details 
and to see our other products. 


These miniature 8cc V-Twin combustion engines run off butane 
or propane gas. They are small enough to run on your desk and 
have an awesome v-twin sound. Just turn the valve and flick the 
flywheel to get it started. 


This Vulcan stove fan is driven using Stirling engine technology 
using just the heat from a stove. It requires no external power 
source such as batteries or AC power. The fan circulates the 
stove’s warmth quietly, efficiently and inexpensively. 


Newly invented, this tractor beam magnet contains a number of 
magnets in a special arrangement. The special arrangement 
creates a unique magnetic field that can hold another magnet a 
fixed distance away. 
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This is a Hero Steam turbine. Syringe in some water. Fill the 
burner with methylated spirits and light it. Moments later you 
have a steam turbine running. Two tiny jets of steam coming out 
of the side of the brass ball spins it up to 2500rpm. 


These are highly polished solid metal flip over tops. They have a 
chrome like finish and are excellently machined. Simply spin it 
as normal and watch it suddenly flip over and then continue to 
spin upside-down. 


Tel 0845 838 1555 


Ferrofluid is a runny fluid that is magnetic. Hold a magnet to it 
and watch how it reacts. Some of the shapes you are can create 
are mesmerizing. 


PUBLISHERS 


AQUILA is 

an inspiring 
magazine for 
creative kids 
who are always 
asking 
questions. 


With challenging 
puzzles and 
experiments to do 
at home, there’s 
no need for them 
to be bored ever 
again! 


e History & general 
knowledge 


ordet 
110 


We can post with your gift message to 
arrive for Christmas. For detailed 
information about this service 

visit: 
or call 


TECHNOLOGY 


Lae . 
PentaView 


The professional-level Celestron PentaView Stream. Capture. Share. 
LCD is a touch screen digital microscope with New for 2014, Micro Fi is 
advanced features at a reasonable price. PentaView a Wi Fi enabled handheld 


features 5 fully achromatic lens objectives, a digital microscope that 
mechanical stage, a 4.3” TFT full color screen, enables you to view the 
5 MP CMOS sensor, and a 4 GB SD card for storage. microscopic world right 
Taking high resolution images and video of on your smartphone 
specimen slides has never been easier. The LCD or tablet! 


screen rotates 180 degrees so you can easily share 
your viewing. For an even bigger audience, use the 
TV output to display on a television or projector. 


srp £419 


Handheld 


Celestron Microscopes 
are available from 


Available on the 
; — 
s Ns 


01502 725205 


and specialist dealers nationwide 


Celestron is distributed in the UK and Ireland by David Hinds Ltd. Dealer enquiries welcomed. 
David Hinds Ltd. Unit R, Cherrycourt Way, Leighton Buzzard, Bedfordshire LU7 4UH 


Celestron® and PentaView™ are registered trademarks or trademarks of Celestron Acquisition, LLC in the United States and in 
dozens of other countries around the world. All rights reserved. Samsung is a registered trademark of Samsung Electronics Co., Ltd. W W W ( e es ron U ( om 
App Store is a registered trademark of Apple Inc. Google Play is a registered trademark of Google Inc. a a a 


Astronomy by 
Distance Learning 
+ + 
Come and chat to us at 


The Science of the Night Sky Nov 2014 £195 
Planets of the Solar System “ Jan 2015 £195 
Supernovae Apr 2015 £195 ' 
High Energy Astrophysics Jun 2015 £195 Ss The DNA Store 


www.astronomy.ac.uk ' >. \ DNA Items: 


astro-distance@ljmu.ac.uk 0151 231 2900 
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toys, balloons, 


PUBLISHERS neckties, art, 


earrings, mugs, 


LOOKING TO BE PUBLISHED? _—— models, coins, 


>) SUBMISSIONS AND SAMPLES \ a stamps, cards, 
WELCOMED. ALL WORK roadsigns, jewelry, 
CONSIDERED, NO AGENT puzzles, just about 


REQUIRED. anything you can 
think of - we have it. 


AUST'N MACAULEY 


FU SLES MEM S ‘Lt Bb, 


CGC-33-01, 25 Canada Square “oe j : 
Canary Wharf, London, E14 5LQ Visit Www: he DNAStore.com 
Tel: 0207 038 8212 


www.austinmacauley.com 
mail@austinmacauley.com 
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FOCUS CROSSWORD No 1/1! 


SOLUTION TO CROSSWORD No 168 


John Harvey, Philip Cooper, Brian Morris, 


AS Anderson and R Beckett each solved issue WIN! 
272's puzzle and receive a copy of Life After STEM CELL 
People Season 1 and 2 (History, £24.99). UNIVERSE 
win R sms cm The first five correct solutions 
Ww Airis RIR ABBNIO/TIAIRIY drawn will each win a copy 
mr 5 iv ume of Stem Cell Universe With 
mo ud FIF £ rf E Stephen Hawking (Discovery, 
clolPp| alyis £9.99), Entries must be 
| Ss received by 5pm on 11 
CiA\T/H IE December 
Ta 2014. See % Discovery 
| Ba) STEM CELL 
details. | UNIVERSE 


TERMS & CONDITIONS 


Entrants must be UK residents (inc Channel Islands) aged 18 or over. 
Immediate Media employees are not eligible to enter. By entering participants 
agree to be bound by these terms and conditions and that their name and 
county may be released if they win. Only one entry permitted per person. No 
responsibility is accepted for lost, delayed, ineligible or fraudulent entries. 
Entries received after the closing date will not be considered. Immediate Media 
(publisher of BBC Focus Magazine) will only ever use personal details for 

the purposes of administering this competition unless you permit otherwise. 


ACROSS 


Try solving puzzles from the BBC quiz Only 
Connect hosted by Victoria Coren online at 
http://bbc.in/IvCOzuY 


DOWN 


9 Unoriginal, having to throw one 1 Tree then integrated into local network (8) 
fossil (9) 2 Piece of the clergy (6) 
10 Calcium turns old urn into a pot (8) 3 Statistic about trendy statuette (8) 
12 Repeat in the choir (4) 4 Planes, by morning, become 
13 Seafood provides strength, we hear (6) expendable matter (6) 
14 European doctor - lost soul - finds 5 After second visit | find no new onion (8) 
blockage (7) 6 Policeman threw coins very fast (10) 
15 Radioactive ingredient put menu 7 Occasional party is eccentric (7) 
in trouble (9) 8 Miner reaches no conclusion on pet (6) 
17 Bankrupt at home, getting thinner (9) 11 Dye compound, that is, takes in 
18 Not worried about New Age capacity (7) material (7) 
20 Dogtooth (6) 16 Unionist artist confuses sun and 
21 Old soldiers get the sign (4) planet (6) 
24 Bishop finds Cupid is wrong on a 19 A vine turned green (5) 
couple of points (8) 20 Payment method for fish (3) 
26 Epic mass performed as a way of 22 Frenchman thus takes turn at 
avoiding reality (8) art form (5) 
28 Miracle, finding key inside (4) 23 Fruit on time for program (6) 
29 German upsets Poles - that’s the 25 Support putting gold into new 
ruth (6) relationship (10) 
31 Fellow cultivates lilac in a certain 26 Point to the Spanish swimmer (3) 
shape (7) 27 Organise conga to get in shape (7) 


34 Mineral and elm phobia developed (9) 30 Quiet chap gets an alternative book 
36 Fingernail broke preparing heart with child (8) 

remedy (9) 31 Reprimand for activity in field (4,4) 

38 Old notes on one place at the back of | 32 Somecattle yearn to get a bit of brass (8) 
he head (7) 33 Exposure to radio drama (7) 

39 Old Indonesian turned native (6) 35 Exercise can include carbon and 

40 Witches irritation (4) E440(a) (6) 

41 Capital party - performing dance? (8) 36 Part of area of high ground (6) 

42 Moodis gloomy about enema, oddly (9) 37 Agreat deal to charge for a preparation (6) 


YOUR DETAILS 


NAME 
ADDRESS 


POSTCODE 
EMAIL 


TEL 


Post entries to BBC Focus Magazine, December 2014 Crossword, PO Box 
501, Leicester, LE94 OAA or email a scan of the completed crossword or 
alist of answers to december2014@focuscomps.co.uk by 5pm on 

11 December 2014, Entrants must supply name, address and phone number. 
Immediate Media, publisher of BBC Focus Magazine, may contact you with 
details of our products and services or to undertake research. Please write 
‘Do Not Contact’ on your email or postal entry if you do not want to receive 
such information by post or phone. Please write your email address on your 
postal entry if you would like to receive such information by email. 


Read more about the Immediate Privacy Policy at www.immediatemedia.co.uk/ 


privacy-policy. The winning entrants will be the first correct entries drawn 

at random after the closing time. The prize and number of winners will be as 
shown above. The winners will be notified within 30 days of the closing date by 
post. Immediate Media’s decision is final and no further correspondence relating 
to the competition will be entered into. If the winner cannot be contacted within 
one month of the closing date, Immediate Media reserves the right to offer the 
prize to a runner-up. 
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Artificial gravity in 


2001: A Space - 
Odyssey 


NOVEMBER SEES THE re-release of 2004: 
A Space Odyssey, the sci-fi classic that 
has baffled millions for 46 years. Originally 
released a year before the first Moon 
landing, director Stanley Kubrick sought 
advice from experts including the late 
great Sir Patrick Moore. Sky at Night it's 
not, but how accurate was it? 

Some of the more way-out notions 
remain just that. As far as I'm aware, 
there are not emotionally sentient 
supercomputers that wreck lives (apart 
from Furbys, that is), But there are plans 
for manned missions to other planets, and 
a ‘space hotel’ orbits the Earth in the shape 
of the International Space Station (ISS). 

With a gym and more living space than 
a six-bedroom house, the ISS is one of 
humanity's greatest engineering triumphs. 
It's been continuously occupied for more 
than a decade, and visited by over 200 
people. ISS astronauts can study the 


“Will anyone ever get 
to live inside a 

- giantspinning. 
space doughnut?” 


i effects of weightlessness, but they must also do battle with the ‘zero 
gravity loo’. “It’s not like toilets you or | would recognise,” says Leicester 
University physicist Dr Paul Abel. “It’s quite a messy procedure.” The ISS, 

then, is a Premier Inn to Kubrick's luxurious Space Hilton. 

The Space Hilton is housed in a giant wheel called Space Station V. “The 
station rotates to create a force that feels like gravity,” says Abel. “If you 
were spending a long time in space, being able to simulate gravity would be 
a good idea as prolonged weightlessness causes bone and muscle loss.” 

Unfortunately, Space Station V would need to be a lot bigger than in the 
movie to prevent the complimentary shampoo getting everywhere and 
ruining your evening dress. In the film, the station rotates once a minute. 
According to our calculations, it would need a diameter of around 1,800m 
for centripetal acceleration to be roughly equivalent to Earth’s gravity. 
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So will anyone ever get to live inside a giant,spinning space doughnut? * 
In 2011, NASA revealed plans for Nautilus-X, a space exploration vehicle 
that looks like the bastard child of the ISS and Space Station V. With its 
sticky-out solar panels and enormous rotating centrifuge, the structure 
would be sent into space one section at a time and assembled in orbit. 
The Nautilus-X would provide artificial gravity for a crew of six for up to 
two years. Sadly for us doughnut lovers, the project was cancelled. For 
now, the artificial gravity-infused space vehicles of 2001: A Space 
Odyssey remain as elusive as S 
the thirteenth Krispy Kreme... 
and astronauts must continue 
to dump their payloads 
gravity-free. m 


HELEN PILCHER is a science 
writer and comedian. 

She tweets from 
@Helenpilcher1 ° 
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...with, builtin cBwoMter . 


Media 4 Soundbar 


made for music and movies 


Plays music, TV and movies equally well with no extra boxes required J | 
Wirelessly connects smartphones, tablets and laptops using aptX Bluetooth ACOUSTICS 


Wall mounts with builtin bracket or shelf mount with supplied anti vibration feet 


www. Qacoustics.co.uk 


tS “It can make anything sound great” “Sensibly priced and sounds fantastic... 
AWARDS 2014 


van gamit AV Forums, Highly Recommended delivers the action with great gusto" » * 
— uy eels - 0 What Hifi? Awards 2014, VE 
‘Product of the Year’ - October 2014 
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FIND SOMETHING SPECIAL 
THIS CHRISTMAS 


This winter, let Canon help you capture your mast memorable 
stories with cashback offers and FREE accessories on selected 
products*. Step into DSLR photography and let your creativity 
grow with the Canon EOS 7OOD. From shooting in low light 
or from a distance, with over 70 lenses in the range you can 
capture all the beautiful and unpredictable storles you find. 
Whether it's a present for someone or you're treating yourself, 


) 
Canon has something special for everyone. Cr & see) 


EOS 7005 EF Search: Canon winter cashback 


Lenses 


*Offar subject to full Terms and Conditions - see canon.co.uk/wintercashback 
Available on selected European products purchased between 29.10.2014 and 21.01.2015 from UK retailers. 


